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AN  EXAMINATION  OF  ILLINOIS  RIVER 

GRAIN  BARGE  RATES 


Jeffrey  Beaulieu 
Southern  Illinois  University 
Carbondale,  IL  62901 
Department  of  Agribusiness  Economics 


ABSTRACT 

On  August  1,  1978,  the  Merchants  Exchange  of  St.  Louis  initiated  a  daily  barge 
freight  call  session  in  which  contracts  for  immediate  or  future  delivery  of  barge  ser¬ 
vices  are  established.  An  analysis  of  the  Illinois  River  barge  rates,  established  at  the 
Merchants  Exchange,  indicates  that  barge  rates  respond  to  market  conditions  in  both 
the  transportation  and  grain  industries.  In  particular,  excess  barge  equipment,  result¬ 
ing  from  a  significant  expansion  in  barges  during  the  late  1970’s,  accompanied  by 
a  diminished  rate  of  export  demand  and  transport  equipment  utilization  have  con¬ 
tributed  to  a  decline  in  barge  rates  since  1979.  Of  importance  to  Illinois  grain 
producers  is  that  70%  of  grain  exports  originating  in  Illinois  traverse  the  inland 
waterways. 

INTRODUCTION 

In  1982  the  value  of  Illinois  feed  grains  and  soybeans  entering  export  channels 
totaled  over  $2.8  billion.  This  figure,  representing  about  18  percent  of  the  value 
of  U.S.  exports  in  these  commodities,  confers  upon  Illinois  the  status  of  being  the 
leading  feed  grain  and  soybean  exporting  state  (Ill.  Agr.  Stat.  1983).  Illinois  producers 
are  aware  of  the  benefits  arising  from  this  unique  position.  In  1982  Illinois  reported 
an  average  annual  price  received  for  corn  of  $2.70  per  bushel,  compared  to  $2.65 
in  Iowa  and  $2.55  in  Indiana,  Minnesota  and  Ohio  (USDA,  Agricultural  Prices). 
A  similar  differential  existed  in  the  soybean  market.  Illinois  soybean  prices  aver¬ 
aged  15  cents  per  bushel  over  soybean  prices  received  in  other  midwestern  states. 
This  advantage,  if  it  is  to  be  maintained,  depends  upon  the  strength  of  export  demand 
and  developments  in  the  transportation  sector.  Of  particular  importance  to  Illinois 
producers  are  developments  in  the  barge  industry.  Over  75  percent  of  grain  and 
soybean  exports  originating  in  Illinois  traverse  the  inland  waterways.  This  study 
considers  the  factors  contributing  to  the  variability  and  decline  of  barge  rates  estab¬ 
lished  for  grain  shipments  originating  on  the  Illinois  River. 
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MATERIALS  AND  METHODS 

On  August  1,  1978,  the  Merchant’s  Exchange  of  St.  Louis  initiated  a  daily  barge 
freight  call  session  (St.  Louis  Market  Record)  in  which  contracts  for  the  immediate 
or  future  delivery  of  barge  services  are  established.  The  call  session  was  conceived 
as  a  means  to  create  a  competitive  element  in  the  movement  of  export  grain  to  New 
Orleans  (Amer.  Shipper).  Contracts  are  established  for  the  Illinois;  Upper,  Middle, 
and  Lower  Mississippi;  and  Ohio  Rivers. 

Barge  rates  established  during  the  daily  call  sessions  have  been  monitored  since 
the  sessions  were  initiated.  As  illustrated  in  Figure  1,  there  is  sufficient  variability 
in  Illinois  River  barge  rates  to  warrant  this  investigation.  For  example,  during  the 
March,  1979  to  February,  1984  period,  barge  rates  established  for  Illinois  River  ship¬ 
ment  ranged  from  107  percent  (May,  1983)  to  291  percent  (November,  1980)  of 
the  benchmark  tariff  for  Illinois  River  origins. h  At  Peoria,  Illinois  this  range 
represented  a  swing  of  about  $8.85  per  ton  shipped.  In  addition,  during  a  naviga¬ 
tion  season,  defined  as  March  to  February,  barge  rates  vary  according  to  a  fairly 
well-defined  seasonal  pattern.  For  the  years  depicted  in  Figure  1,  rates  gradually 
decline  from  the  level  established  at  the  opening  of  the  navigation  season,  but  sharply 
increase  at  harvest.  Also  note  the  downward  trend  in  the  level  of  rates  since  1980. 

This  variation  suggests  that  barge  rates  respond  to  market  conditions  in  both 
the  transportation  and  grain  industries.  Intuitively,  if  the  demand  for  export  grain 
is  high  or  there  exists  an  excess  demand  for  transportation  equipm.ent,  barge  rates 
would  increase  to  ration  the  available  supply  of  barge  equipment.  On  the  other 
hand,  if  export  demand  is  low  or  there  exists  an  excess  supply  of  transportation  equip¬ 
ment,  barge  rates  would  decline  to  encourage  greater  use  of  barge  services.  The 
minimum  level  to  which  barge  rates  would  decline  is  the  variable  cost  of  providing 
barge  services.  This  and  other  relationships  may  be  expressed  for  descriptive  pur¬ 
poses  as  follows: 

(1)  BRt  =  f(Xt,  BFt,  EQUt,  SFt,  RCPt,  GOVt) 
where  BRt  is  a  weighted  average  of  barge  rates  established  by  trade  for  shipments 
originating  on  the  Illinois  River  in  month  t,  Xt  indicates  current  grain  export  vol¬ 
ume,  BFt  is  the  current  size  of  the  covered  hopper  barge  fleet,  EQUt  E  an  indica¬ 
tor  of  grain  transportation  equipment  utilization,  SFt  represents  supply  factors  in 
the  grain  originating  region,  RCPt  represents  competitive  export  rail  rates,  and 
GOVt  represents  any  U.S.  governmental  policy  that  may  impact  grain  flows.  Table  1 
presents  the  types,  sources  and  coding  of  the  data  available  to  quantify  the  rela¬ 
tionship  implied  by  equation  1.  The  first  five  navigation  seasons  (March, 
1979-February,  1984)  in  which  the  St.  Louis  Merchants  Exchange  barge  freight  call 
session  operated  serve  as  the  time  period  for  analysis. 

RESULTS  AND  DISCUSSION 

Table  2  presents  the  estimated  simple  correlation  coefficients  for  the  variables 
considered  in  this  study.  The  magnitude  and  sign  of  these  coefficients  indicate  the 
strength  and  direction  of  the  relationship  between  the  independent  variables  and 
Illinois  River  barge  rates  and  between  the  independent  variables  with  each  other. 

^Barge  rates  are  quoted  at  a  premium  or  discount  to  a  standardized  tariff.  Bargeload  Bulk  Grain  Tariff 
#7,  cancelled  in  1976,  has  remained  the  benchmark  for  barge  rates.  Rates  in  this  tariff  are  termed  equal 
to  100  percent  of  tariff.  At  Peoria,  100  percent  of  tariff  equals  $4.81  per  ton. 
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The  small  coefficient  between  total  barge  shipments  of  grain  (TB)  and  Illinois 
River  barge  rates  (BR)  is  unexpected.  Barge  companies  have  traditionally  operated 
on  more  than  one  river  segment  and  barge  equipment  (with  the  exception  of  the 
higher  horsepower  towboats)  may  service  origins  on  any  river  segment.  Therefore, 
it  would  be  expected  that  the  increased  usage  of  barge  equipment  upon  the  entire 
Mississippi  River  System  —  from  1.5  billion  bushels  in  1979  to  about  2.2  billion 
bushels  in  1983  —  would  impact  Illinois  River  barge  rates  to  a  greater  degree.  One 
explanation  for  the  minor  relationship  between  barge  rates  and  the  change  in  barge 
shipments  is  the  offsetting  and  depressing  impact  on  barge  rates  of  current  barge 
capacity  (BF) .  The  much  stronger  relationship  between  barge  rates  and  the  capacity 
of  the  barge  fleet  (r  =  -  0.59)  suggests  that  barge  capacity  is  a  definite  cause  of 
the  general  decline  in  the  level  of  barge  rates.  In  retrospect,  the  response  of  the  barge 
industry  to  the  dramatic  growth  in  grain  exports  during  the  1970’s  was  to  overin¬ 
vest  in  grain  barge  equipment.  In  the  1980’s  export  growth  slowed  considerably. 
Excess  barge  capacity  has  results.  The  depressing  impact  of  this  excess  capacity  is 
especially  evident  during  the  fourth  navigation  season  (March  1982-February  1983). 
During  this  period  grain  barge  shipments  totaled  2.2  billion  bushels  —  represent¬ 
ing  an  18  percent  increase  over  the  previous  season  —  yet  the  average  barge  rate 
declined  by  15  percent  from  the  previous  season. 

The  positive  correlation  exhibited  between  barge  rates  and  grain  equipment 
utilization  (XRU,  RL)  and  grain  exports  (X)  suggests  that  Illinois  barge  rates  respond 
in  a  positive  manner  to  the  variation  in  transport  service  requirements  of  grain 
producers  and  handlers.  Furthermore,  the  positive  correlation  between  these  fac¬ 
tors  and  barge  rates  tends  to  reinforce  the  conclusion  drawn  concerning  barge  fleet 
size,  that  is,  given  a  barge  capacity  more  in  line  with  the  barge  service  needs  of 
grain  handlers,  barge  rates  would  be  more  responsive  to  changes  in  those  needs. 

The  Gulf  basis  (BAS)  is  an  indicator  of  corn  export  demand  (Baumel)  or  alter¬ 
natively,  the  availability  of  corn  at  Gulf  ports  in  relation  to  demand.  The  Gulf  basis, 
usually  positive,  widens  given  increased  export  demand  or  decreased  availability 
of  corn  at  the  Gulf  ports.  The  negative  relationship  between  the  Gulf  basis  and  barge 
rates  is  confusing  if  the  basis  reflects  export  demand.  A  positive  sign  would  be 
expected.  However,  if  the  Gulf  basis  reflects  grain  availability  at  Gulf  ports,  a  wider 
basis  during  the  summer  months  when  inland  stocks  are  drawn  down,  and  hence 
the  demand  for  transportation  is  diminished,  would  explain  the  negative  relationship. 

The  small  relationship  implied  between  competitive  rail  rates  (RGB)  and  barge 
rates  should  be  interpreted  cautiously.  During  the  period  studied,  the  average  navi¬ 
gation  season  barge  rates  declined  from  230%  to  107  % ,  rail  rates,  however,  were 
subject  to  legislated  increases  until  1980.  Since  1982,  both  barge  rates  and  the  rail 
rates  utilized  in  this  study  have  declined  significantly.  Between  1982  and  1984  the 
rail  rates  declined  by  about  34  percent  and  the  average  barge  rates  by  46  percent. 
Secondly,  the  rates  as  included  in  this  study  do  not  include  rail  or  barge  shipper 
margins.  The  changes  in  total  rate  —  rail  or  barge  rate  plus  margin  —  may  better 
reflect  competition  between  the  two  modes. 

The  relationship  implied  between  barge  rates  and  Illinois  corn  production 
(PROD)  is  both  smaller  than  expected  and  of  the  wrong  sign.  An  increase  in  produc¬ 
tion  should  cause  an  increase  in  demand  for  barge  transportation,  hence  an  increase 
in  rates.  The  correlation  coefficient  between  PROD  and  BR  in  Table  2  implies  the 
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opposite.  One  key  factor  to  consider,  however,  is  that  changes  in  production  may 
impact  barge  rates  to  a  more  significant  degree  during  harvest.  This  hypothesis  is 
considered  in  the  multiple  regression  analysis  which  follows. 

Table  3  presents  three  separate  multiple  regression  equations  which  measure 
the  impact  of  market  factors  on  barge  rates.  With  the  exception  of  PRHt,  all  inde¬ 
pendent  variables  have  been  defined.  PRHt  is  a  combination  of  the  production  data 
and  a  dummy  variable  configuration  equal  to  one  in  October  and  November  and 
zero  otherwise.  The  purpose  if  PRHt  is  to  capture  the  influence  of  the  peak  har¬ 
vest  demands  on  barge  transportation  services.  JAN80  and  PIK  are  also  dummy  vari¬ 
ables  equal  to  one  during  January,  1980  (corresponds  to  the  announcement  of  the 
USSR  grain  embargo)  and  October  1983  through  February  1984,  respectively. 

In  all  three  equations  the  signs  of  the  beta  coefficients  correspond  to  the  signs 
implied  in  the  matrix  of  simple  correlation  coefficients.  The  following  conclusions 
may  be  drawn  based  upon  the  three  equations: 

•  Excess  capacity  in  the  barge  industry  is  a  definite  cause  of  the  decline  in  barge 
rates.  The  negative  coefficient  attached  to  BF^  is  significant  in  all  three  equations. 

•  The  relationship  between  the  Gulf  basis  and  barge  rates  is  similarly  significant 
and  negative.  This  suggests  that  as  the  Gulf  basis  widens  barge  rates  decline. 
Indeed,  this  is  the  case,  a  simple  average  of  the  Gulf  basis,  by  month,  over  the 
five  year  period  indicates  that  the  Gulf  basis  equals  11  cents  per  bushel  in  Novem¬ 
ber  and  gradually  increases  to  18  cents  by  June.  A  wide  basis  during  the  summer 
months  when  inland  stocks  are  drawn  down,  and  hence  the  demand  for  trans¬ 
portation  is  diminished,  is  consistent  with  lower  barge  rates. 

•  The  announcement  of  the  USSR  grain  embargo  had  an  immediate,  significant 
and  short-term  impact  upon  the  level  of  barge  rates.  In  fact,  barge  rates  declined 
from  273%  of  tariff  in  December,  1979  to  163%  in  January  1980.  January  1981 
barge  rates  were  253%  of  tariff. 

•  The  impact  of  the  PIK  program  upon  the  level  of  barge  rates  is  inconclusive.  In 
equation  (1)  the  coefficient  attached  to  the  PIK  variable  is  significant  at  the  90  % 
confidence  level.  However,  the  negative  sign  of  the  corn  production  variable  and 
the  low  DW  statistic  suggest  that  the  structure  of  the  equation  is  questionable. 
In  equation  (2),  PRH^  —  harvest  demands  for  transportation  services  —  is  sub¬ 
stituted  for  PRODt.  The  sign  of  PRHt  is  positive,  as  expected.  However,  the  rela¬ 
tionship  between  PIK  and  barge  rates  is  no  longer  significant,  that  is,  PIK,  unlike 
the  grain  embargo,  had  no  significant  impact  upon  the  level  of  barge  rates.  The 
decline  in  barge  rates  that  is  noticeable  during  the  PIK  period  is  fully  explained 
by  the  other  variables  included  in  equation  (2). 

•  Equation  (3),  which  includes  export  rail-car  unloading  instead  of  total  rail-car 
loadings  and  export  volume,  performs  best  in  estimating  the  level  of  barge  rates. 
Serial  correlation  is  diminished  when  compared  to  the  specifications  (1)  and  (2). 
The  R2  statistic  is  also  improved. 

SUMMARY 

Between  1979  and  1984,  barge  rates  for  grain  shipments  originating  on  the 
Illinois  River  have  declined  from  230%  to  107%  of  tariff.  The  major  factor  con¬ 
tributing  to  this  decline  is  the  excess  capacity  of  barge  equipment  resulting  from 
overexpansion  of  the  barge  industry  in  the  1970’s.  Although  barge  rates  are  posi- 
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tively  related  to  the  level  of  exports  and  grain  equipment  uilization,  increases  in 
these  market  factors  will  be  insufficient  to  offset  the  depressing  impact  of  excess 
barge  capacity  upon  barge  rates.  At  least  in  the  short-term,  Illinois  grain  producers 
and  handlers  will  continue  to  benefit  from  depressed  barge  rates. 
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Table  1.  Market  Factors  Upon  Which  the  Level  of  Barge  Rates  Is  Dependent  and 
the  Available  Data  to  Quantify  Market  Factors 


Market  Factor 

Available  Data 

Coding 

Export  Demand 

Gulf  basis^’  b,  c 

(Bas) 

Grain  exports^ 

(X) 

Transportation  Equipment 

Barge  fleet  size<^ 

(FB) 

Utilization  and  Capacity 

Grain  barge  shipments^ 

(TB) 

Export  rail-car  unloadings^ 

(XRU) 

Grain  rail-car  loadings^ 

(RL) 

Rail  Competition 

115-car  export  rail  rate  from 
Central  Illinois 

(RCP) 

Supply  Factor 

Illinois  corn  production^ 

(PROD) 

Government  Intervention 

Embargo 

(JAN80) 

PIK 

(PIK) 

‘‘BAS  =  FOB  New  Orleans  corn  price  minus  nearby  Chicago  Board  of  Trade  futures  (Thursday 
observations  averaged  over  month) 

^‘Source:  Grain  and  Feed  Market  News 
•^Source:  Commodity  Yearbook 

^Source:  Barge  Industry  Executives  —  typical  life  of  barge  equipment  is  22  to  24  years,  covers  are 
removed  at  17  years 

‘‘Source:  American  Association  of  Railroads 
^Source:  Illinois  Agricultural  Statistics 
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Table  2:  Simple  Correlation  Statisties  (r)  Between  Barge  Rate  Related  Variables 


BR 

BE 

TB 

X 

BAS 

XRU 

RL 

RR 

PROD 

BR 

1.00 

BE 

-0.59 

1.00 

TB 

-0.19 

0.24 

1.00 

X 

0.59 

-0.18 

0.01 

1.00 

BAS 

-0.51 

-0.02 

0.14 

-0.43 

1.00 

XRU 

0.60 

-0.29 

-0.43 

0.60 

-0.39 

1.00 

RL 

0.55 

-0.53 

0.18 

0.26 

-0.15 

0.38 

1.00 

RCP 

-0.05 

0.50 

0.30 

0.08 

-0.44 

-0.17 

-0.20 

1.00 

PROD 

-0.13 

-0.06 

0.20 

-0.04 

0.10 

-0.24 

-0.14 

0.21 

1.00 

Table  3.  Multiple  Regression  Equations  Explaining  the  Variation  in  Illinois  River 
Barge  Rates 


Independent  _ equation 


Variable 

(1) 

(2) 

(3) 

BFt 

-23.461 

-26.291 

-  26.477 

(-5.6)a 

(-6.6) 

(-9.4) 

BASt 

-  1.3107 

-  1.8458 

-  1.7489 

(-3.3) 

'(-5.9) 

( -  7.3) 

XRUt 

1.11844 

(5.7) 

RLt 

0.23404 

0.20565 

(1.9) 

(1.8) 

Xt 

0.33372 

0.20144 

(3.8) 

(2.4) 

PRODt 

-0.585 

(-2.3) 

PRHt 

0.02425 

0.31591 

(3.5) 

(5.8) 

JAN80 

-63.081 

-77.126 

-109.12 

(-2.3) 

(-3.1) 

(-5.2) 

PIK 

-47.153 

-0.7626 

(-1.9) 

(-0.07) 

Intercept 

334.108 

340.151 

398.556 

(4.8) 

(5.3) 

(12.5) 

R2  =  0.79 

R2  =  0.81 

R2  =  0.86 

DW  =  1.23 

DW  =  1.45 

DW  =  1.74 

®The  estimated  significance  of  the  beta  coefficients,  the  student’s  t-ratio  is  in  parenthesis.  For  60  obser¬ 
vations  the  critical  t-values  are  2.00  for  95%  confidence  and  1.67  at  the  99%  confidence  level. 
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Fig.  1.  Illinois  River  Grain  Barge  Rates  as  a  Percent  of  Tariff,  1980-1983 
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RELATIONSHIP  BETWEEN  COW 
FEEDING  TIME  AND 
TIME  OF  PARTURITION 


P.M.  Walker  and  J.R.  Winter 
Department  of  Agriculture 
Illinois  State  University  Normal  61761 


ABSTRACT 

In  this  study  mature  gravid  beef  cows  were  randomly  allotted  to  one  of  four 
confinement  pens  in  each  of  three  years.  Cows  in  two  of  the  pens  were  fed  once 
daily  at  0830  h  while  cows  in  the  other  2  pens  were  fed  once  daily  at  1600  h  during 
year  one  and  at  2100  h  during  years  2  and  3.  All  cows  were  fed  a  corn  silage,  shelled 
corn,  soybean  meal  diet  according  to  NRC  estimates  during  the  third  trimester.  All 
cows,  regardless  of  feeding  time,  were  observed  to  have  consumed  their  allotted 
portion  of  feed  within  a  three  hour  time  period.  During  years  1  and  2,  the  timed 
feeding  regimen  began  30  d  prior  to  birth  of  the  first  calf.  During  year  3,  the  timed 
feeding  regimen  began  60  d  prior  to  birth  of  the  first  calf.  A  total  of  170  parturi¬ 
tions  occurred  during  this  study.  No  significant  differences  or  trends  in  parturition 
times  were  observed  between  cow  feeding  times  in  any  of  the  years.  Even  when 
data  from  all  three  years  are  combined,  no  difference  (P>  .10)  in  the  relationship 
between  cow  feeding  time  and  the  time  of  calving  was  observed.  During  this  study 
more  cows  (P<  .05)  were  observed  to  have  calved  between  0600  h  and  1800  h  regard¬ 
less  of  feeding  time.  Similarly  more  cows  were  observed  to  have  calved  between 
0600  h  and  2200  h  regardless  of  treatment.  The  length  of  time  from  feeding  to  calv¬ 
ing  was  not  different  (P>  .05)  between  treatments  for  year  1  or  year  3,  but  was 
shorter  (P<  .01)  for  cows  fed  at  0830  h  than  for  cows  fed  at  2100  h  during  year 
two.  When  the  data  from  all  three  years  are  combined,  cows  fed  at  the  morning 
feeding  had  a  shorter  (P<  .05)  interval  between  feeding  and  calving  than  cows  fed 
at  the  evening  feeding,  comparing  11.1  h  and  13.4  h,  respectively.  The  time  of  feed¬ 
ing  did  not  alter  the  time  of  calving. 

INTRODUCTION 

It  is  well  recognized  that  close  observation  of  cows  due  to  calve  is  essential  if 
calving  problems  and  calf  mortality  are  to  be  kept  to  a  minimum.  Constant  watch 
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of  a  herd  for  prolonged  periods  during  the  calving  season  is  fatiguing  and  requires 
additional  labor.  Glucocorticoids  and  prostaglandins  have  been  tried  extensively 
to  control  parturition  to  more  predictable  periods  but  their  use  results  in  a  high 
incidence  of  placental  retention.  Therefore,  it  appears  that  the  discovery  of  a  method 
of  controlling  calving  which  is  devoid  of  such  complications  would  prove  an  asset 
to  the  beef  industry. 

The  observation  of  a  Canadian  cattleman,  Gus  Konefal,  that  the  time  of  feed¬ 
ing  could  cause  cows  to  calve  during  the  daylight  hours  has  been  met  with  great 
interest  and  skepticism.  In  an  experiment  designed  to  test  the  Konefal  theory,  Yarney, 
et  al.  (1979)  observed  cows  to  have  significantly  more  calves  during  0700  and  1900 
hours  if  fed  long  stem  hay  twice  a  day  at  1100  hours  and  again  at  2100  hours  begin¬ 
ning  one  month  prior  to  calving  as  opposed  to  being  fed  at  0800  hours  and  again 
at  1500  hours,  comparing  79.6%  vs.  38.4%,  respectively.  Lowman,  et  al.  (1981) 
tested  several  once  a  day  feeding  regimes  which  began  one  week  prior  to  the  calv¬ 
ing  season  and  found  that  feeding  cows  at  2200  hours  stimulated  22  %  more  of  the 
cows  to  calve  between  0600  and  2200  hours  than  feeding  cows  once  daily  at  0900 
hours.  They  concluded,  however,  that  their  observations  may  only  apply  to  spring 
calving  cows  which  have  a  large  proportion  of  their  daily  feed  intake  controlled. 
In  addition,  they  suggested  the  diet  should  consist  predominately  of  roughage  which 
is  slowly  consumed,  such  as  grass  silage  or  long  stem  hay.  Bellows  (1981)  observed 
17  %  more  daytime  births  in  heifers  fed  once  daily  at  2000  h  compared  to  heifers 
fed  at  0800  h. 

Relationships  between  feeding  times  and  time  of  parturition  has  also  been  studied 
in  sheep.  Gobb  and  Gonyou  (1982)  compared  lambing  times  when  ewes  were  fed 
once  daily  at  0800,  1200,  1600  and  2400  h  and  found  an  increased  number  of  lamb- 
ings  to  occur  between  0600  and  1800  h  for  ewes  fed  at  1200  h. 

Rumen  motility  studies  by  Dirksen  and  Kaufman  (1979)  indicate  the  frequency 
of  rumen  contraction  falls  a  few  hours  before  parturition  and  that  intrarumenial 
pressure  begins  to  fall  in  the  last  two  weeks  of  gestation,  with  a  more  rapid  decline 
during  calving.  Therefore,  it  may  be  hypothesized  that  evening  feeding  causes 
intrarumenial  pressure  to  rise  at  night  and  decline  in  the  day,  thus  stimulating  the 
cow  to  calve  during  the  day  time  hours. 

Since  a  paucity  of  knowledge  seems  to  exist  regarding  the  relationship  between 
time  of  feeding  and  time  of  parturition  a  study  was  designed  to  examine  the  effects 
of  feeding  regimen  on  the  time  of  day  calving  occurred  for  beef  cows  (1)  maintained 
in  total  confinement,  (2)  limit  fed  corn  silage,  and  (3)  bedded  with  corn  stalks. 


MATERIALS  AND  METHODS 

In  this  study  mature  Angus-Hereford  cross  cows  in  their  last  trimester  were  ran¬ 
domly  allotted  to  one  of  four  confinement  pens  in  each  of  three  years  (table  1).  In 
year  1  of  this  study  53  cows  bred  to  Gharolais  bulls  were  assigned  to  pens  30  days 
prior  to  the  birth  of  the  first  calf.  During  year  1  all  cows  calved  during  a  60  day 
time  period.  In  year  2,  60  cows  bred  to  either  Angus  or  Ghianina  bulls  were  assigned 
to  pens  30  days  prior  to  the  birth  of  the  first  calf.  During  year  2  all  cows  calved 
withint  a  54  day  time  period.  In  year  3,  57  cows  bred  to  Ghianina  bulls  were  assigned 
to  pens  60  days  prior  to  the  birth  of  the  first  calf.  All  cows  calved  during  a  60  day 
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period  during  year  3.  During  year  1  two  pens  of  cows  were  fed  at  0830  h  while 
the  other  two  pens  of  cows  were  fed  at  1600  h.  During  years  2  and  3,  cows  in  two 
of  the  pens  were  fed  at  0830  h  while  cows  in  the  other  two  pens  were  fed  at  2100  h. 

Each  confinement  pen  consisted  of  392  allowing  each  cow  7.4  m2  during 
year  1,  6.5  m2  during  year  2  and  6.9  m2  during  year  3.  Each  pen  was  totally  paved 
with  95  m2  under  roof.  That  portion  of  the  lot  under  roof  was  cleaned  and  bedded 
weekly  with  one  large  round  bale  of  corn  stalks  weighing  approximately  364  kg. 
Water  was  provided  ad  libitum,  as  was  a  commercial  mineral  mixture  containing 
19%  calcium,  18%  phosphorus,  and  18%  salt.  All  cows  were  fed  corn  silage,  corn 
and  soybean  meal  in  a  mixed  ration  daily  at  automated  feed  bunks  (table  2).  Dur¬ 
ing  years  2  and  3,  those  cows  which  were  fed  at  2100  h  were  locked  inside  the  barn 
at  1600  h  so  feed  could  be  deposited  in  the  feed  bunks  and  then  they  were  turned 
out  to  eat  at  2100  h. 

During  the  calving  season  cows  were  monitored  constantly  24  h  a  day.  Conse¬ 
quently,  the  exact  time  of  parturition  was  observed  and  recorded.  Data  were  ana¬ 
lyzed  by  Chi-square  procedure  to  test  the  null  hypothesis  that  there  were  no 
significant  differences  in  the  number  of  cows  calving  during  the  day  between  morn¬ 
ing  and  evening  fed  cows.  The  mean  times  parturition  occurred  following  feeding 
were  analyzed  by  analysis  of  variance  for  a  completely  randomized  design  using 
pens  as  the  unit  of  analysis  (Steel  and  Torrie,  1960). 

RESULTS  AND  DISCUSSION 

During  each  of  the  years  all  cows  in  each  pen  were  observed  to  have  consumed 
their  allotted  ration  within  3  h  time.  In  addition,  each  time  the  corn  stalks  were 
deposited  in  the  pens  for  bedding  the  cows  were  observed  to  consume  an  unknown 
portion  of  each  bale  and  no  attempt  was  made  to  estimate  the  amount  of  consump¬ 
tion.  What  effect  the  corn  stalk  consumption  had  on  the  time  of  calving  is  not  known. 

No  differences  (P>  .  10)  between  feeding  time  in  the  number  of  cows  calving 
between  0600  h  and  1800  h  were  observed  in  any  of  the  years  (table  3).  Similarly, 
no  differences  (P>  .  10)  between  feeding  times  in  the  number  of  cows  calving  between 
0600  h  and  2200  h  were  observed  in  any  of  the  years  (table  5).  Combining  the  num¬ 
ber  of  parturitions  in  years  1,  2,  and  3,  62%  of  the  cows  fed  at  the  morning  feeding 
were  observed  to  have  calved  between  0600  and  1800  h  compared  to  55%  of  the 
cows  fed  at  the  evening  feeding.  Similarly,  77  %  of  the  cows  fed  at  the  morning 
feeding  were  observed  to  have  calved  between  0600  and  2200  h  compared  to  74  % 
of  the  cows  fed  at  the  evening  feeding.  Whether  the  evening  feeding  occurred  at 
1600  h  or  at  2100  h  did  not  alter  the  number  of  cows  calving  during  the  day. 

In  this  herd  more  (P<  .05)  cows  were  observed  to  calve  between  0600  and  1800 
h  and  between  0600  and  2200  h  than  expected,  regardless  of  the  time  of  feeding. 
Combining  the  calving  data  of  the  morning  fed  cattle  and  the  evening  fed  cattle 
of  all  three  years,  the  null  hypothesis  that  the  calvings  occurred  at  a  uniform  rate 
throughout  the  24  h  was  tested,  i.e.,  that  50%  of  the  calvings  occurred  between 
0600  and  1800  h  and  that  two-thirds  of  the  calvings  occurred  between  0600  and 
2200  h.  The  values  of  X2  were  2.15  and  2.38  respectively.  Accordingly,  58%  of  the 
cows  calved  between  0600  and  1800  h  (table  4)  while  75%  of  the  cows  calved 
between  0600  and  2200  h  (table  6). 

On  the  assumption  that  time  of  feeding  was  the  major  influence  on  time  of  calv- 
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ing,  the  pattern  of  ealving  relative  to  the  time  of  feeding  was  calculated.  Table  7 
shows  the  calving  frequency  for  morning  fed  and  evening  fed  cows  relative  to  time 
of  day.  Frequency  of  calving  was  calculated  for  six  4  h  periods  and  related  to  the 
time  of  day  and  time  of  feeding.  There  was  no  evidence  that  the  pattern  of  calving 
relative  to  time  of  feeding  was  different  for  the  morning  and  evening  fed  cows  in 
any  of  the  years. 

The  mean  hours  post  feeding  that  calving  occurred  (table  8)  were  calculated 
for  morning  and  evening  fed  cows  in  each  of  years  1,  2,  3,  and  combined  years 
1,  2,  and  3.  Significant  differences  were  observed  for  year  2  and  when  years  1,  2, 
and  3  were  combined.  When  the  data  from  years  1,  2,  and  3  were  combined,  the 
interval  from  feeding  to  calving  was  shorter  (P<  .05)  for  morning  fed  cows  than 
for  evening  fed  cows,  comparing  11.12  h  vs.  13.38  h  respectively.  A  shorter  time 
interval  between  feeding  and  calving  of  morning  fed  cows  would  be  expected  since 
no  signficant  difference  between  morning  fed  or  evening  fed  cows  was  observed 
in  the  number  of  cows  calving  during  the  day  whether  the  day  was  considered  to 
be  0600-1800  h  or  0600-2200  h. 


CONCLUSION 

Consequently,  this  study  did  not  find  the  time  of  day  feeding  occurred  to  alter 
the  time  of  day  calving  occurred  for  cows  maintained  in  confinement  lots,  limit 
fed  a  corn  silage  diet  and  bedded  with  corn  stalks.  In  this  study,  more  cows  were 
observed  to  have  calved  during  the  day  than  during  the  night  regardless  of  when 
feeding  occurred,  whether  day  was  considered  to  be  0600-1800  h  or  0600-2200  h. 


Table  1.  Experimental  Design 


Feeding  Time 

Morning 

Evening 

Pen 

1 

2 

Year  1 

3 

4 

No.  of  cows 

14 

13 

13 

13 

Hour  fed 

0830 

0830 

Year  2 

1600 

1600 

No.  of  cows 

15 

15 

15 

15 

Hour  fed 

0830 

0830 

Year  3 

2100 

2100 

No.  of  cows 

15 

14 

14 

14 

Hour  fed 

0830 

0830 

2100 

2100 

13 


Table  2.  Composition  of  Diets  Used  in  Years  1,  2  and  3 


Item^ 

Year  1 

Year  2 

Year 

Corn  silage  (IFN  3-02-823) 

11.4 

11.4 

13.6 

Corn^  (IFN  4-02-935) 

2.7 

2.7 

1.4 

Soybean  meal‘d  (IFN  5-04-604) 

.23 

.23 

.23 

^Expressed  on  an  as-fed  basis,  kg/ (cow . day). 

^In  addition,  each  cow  received  200  mg«d~^  of  a  Rumensin  premix. 

‘^Each  cow  received  an  additional  1.4  kg*d~^  after  50%  had  calved. 

"^Each  cow  received  an  additional  .23  kg«d~^  after  50%  had  calved. 

Table  3.  Number  of  Cows  Calving  During  the  Day  (0600  to  1800  Hours) 


Feeding  Time 

Morning 

Calving  time 

Day 

Night 

Year  1 

18 

9 

Year  2 

20 

10 

Year  3 

15 

14 

Total  1,2,3 

53 

33 

Evening  Combined 


Day 

Night 

Day 

Night 

15 

11 

33 1 

20 1 

18 

12 

38* 

22* 

13 

15 

28 

29 

46 

38 

99* 

71* 

TNumbers  within  the  same  row  bearing  the  same  superscript  differ  (P<  .10)  from  the  null  hypothesis. 
^Numbers  within  the  same  row  bearing  the  same  superscript  differ  (P<  .05)  from  the  null  hypothesis. 


Table  4.  Percent  of  Cows  Calving  During  the  Day  (0600  to  1800  Hours) 


Feeding  Time 

Morning 

Evening 

Combined 

Calving  time 

Day 

Night 

Day 

Night 

Day 

Night 

Year  1 

67 

33 

58 

42 

62 

38 

Year  2 

67 

33 

60 

40 

63 

37 

Year  3 

52 

48 

46 

54 

49 

51 

Total  1,2,3 

62 

38 

55 

45 

58 

42 

Table  5.  Number  of  Cows  Calving  During  the  Day  (0600  to  2200  Hours) 


Feeding  Time 

Morning 

Evening 

Combined 

Calving  time 

Day 

Night 

Day 

Night 

Day 

Night 

Year  1 

22 

5 

19 

7 

41 

12 

Year  2 

23 

7 

22 

8 

45 

15 

Year  3 

21 

8 

21 

7 

42 

15 

Total  1,2,3 

66 

20 

62 

22 

128* 

42* 

*Numbers  differ  (P<  .05)  from  the  null  hypothesis. 
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Table  6.  Percent  of  Cows  Calving  During  the  Day  (0600  to  2200  Hours) 


Feeding  Time 

Morning 

Evening 

Combined 

Calving  time 

Day 

Night 

Day 

Night 

Day 

Night 

Year  1 

81 

19 

73 

27 

77 

23 

Year  2 

77 

23 

73 

27 

75 

25 

Year  3 

72 

28 

75 

25 

74 

26 

Total  1,2,3 

77 

23 

74 

26 

75 

25 

Table  7.  Distribution  of  Parturition 


0600 

1000 

0200 

0600 

1000 

0200 

Feeding  Time 

0959 

0159 

0559 

Year  1 

0959 

0159 

0559 

Morning 

8 

4 

6 

4 

3 

2 

Evening 

4 

5 

5 

Year  2 

4 

5 

2 

Morning 

1 

13 

6 

3 

6 

1 

Evening 

3 

7 

8 

Year  3 

4 

5 

3 

Morning 

5 

8 

2 

6 

3 

5 

Evening 

4 

5 

4 

8 

5 

2 

Table  8.  Number  of  Hours  Following  Feeding  That  Calving  Occurred 


Year 

Morning  Eeeding 

SD 

Evening  Feeding 

SD 

1 

13.68 

7.09 

13.45 

7.36 

2 

8.48* 

5.90 

13.25* 

7.48 

3 

11.46 

7.35 

13.46 

7.60 

Total  1,2,3 

11.12* 

7.04 

13.38* 

7.39 

*Means  within 

a  row  bearing  the  same 

superscript  differ  (P< 

.05) 
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ABSTRACT 

(1)  A  red  alga  resembling  Audouinella  was  introduced  into  culture  after  collec¬ 
tion  from  a  spring-fed  stream.  (2)  Variation  in  temperature,  light  intensity  and  light- 
dark  cycles  resulted  in  the  production  of  juvenile  gametophytes  from  the  Audouinella- 
like  filaments.  (3)  Based  on  the  appearance  of  the  gametophytes,  Audouinella-Mbe 
filaments  were  determined  to  be  a  chantransia  stage  of  Batrachospermum .  (4)  Analy¬ 
sis  of  data  from  culture  experiments  indicated  that  conditions  in  the  spring-fed  stream 
were  unsuitable  for  development  of  stages  other  than  the  chantransia  stage.  (5)  Juve¬ 
nile  gametophyte  development  was  influenced  by  a  low  nitrate  and  high  phosphate 
concentration  in  combination  with  a  temperature  of  11  C,  a  light  intensity  of  either 
46.4  or  92.9  /iE»m~^*s~  ^  and  a  light-dark  regime  of  8:16.  (6)  At  15  C,  a  temper¬ 
ature  higher  than  that  recorded  in  the  stream,  gametophyte  development  occurred 
at  a  light  intensity  of  46.4  or  92.9  fxE*m  “^•s“  ^  under  all  light-dark  regimes  used 
(8:16,  12:12,  16:8).  (7)  It  is  suggested  that  maturation  of  gametophytes  was  not 
observed  because  of  an  apparent  lack  of  free  carbon  dioxide  in  the  stationary  cul¬ 
tures.  (8)  Hair  formation  on  gametophyte  pleuridia  occurred  only  in  cultures  kept 
in  the  same  medium  for  85  days  at  11  C  under  a  light  intensity  of  46.4  /xE*m  “  ^•s"  ^ 
with  a  light-dark  cycle  of  8:16.  (9)  Production  of  swollen  tips  on  chantransia  fila- 
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merits  (club  filaments)  was  controlled  by  complex  interactions  involving  tempera¬ 
ture,  light  intensity  and  light-dark  photoregimes.  (10)  These  club  filaments  were 
most  abundant  in  flasks  kept  at  15  C  and  exposed  to  16:8  under  any  one  of  three 
light  intensities  (46.4,  92.9  or  185.  8  juE*m~^*s“^)  used,  or  those  at  4,  8,  11  or 
15  C  under  46.4  ^E*m~^*s“^  for  8:16. 

INTRODUCTION 

Collection  of  material  from  a  fast-flowing  stream  in  West-Central  Illinois  re¬ 
vealed  a  red  alga  that  morphologically  resembled  Audouinella  violacea  (Kiitz.) 
Hamel.  This  alga  remained  constant  in  its  appearance  on  all  sampling  dates  during 
a  two-year  period  and  has  maintained  this  form  in  collections  made  over  the  last 
13  years.  Identification  of  some  species  of  freshwater  red  algae,  including 
Batrachospermum,  is  complicated  by  the  presence  of  “chantransia”  stages  in  their 
life  histories.  These  stages  resemble  species  of  the  Audouinella  (Rhodochorton- 
Acrochaetium)  complex  (Fritsch,  1959;  Prescott,  1978;  Woelkerling,  1983).  The 
objectives  of  this  study  were  to  introduce  this  alga  into  culture  and  examine  its  life 
history. 


MATERIALS  AND  METHODS 

The  alga  was  collected  from  a  spring-fed  stream  located  in  Wild  Cat  Springs 
Park,  Hamilton,  Illinois.  It  grew  attached  to  rocks,  sticks  and  roots  in  water  flow¬ 
ing  from  a  north-facing  limestone  cliff.  An  oak-hickory  community  formed  a  dense 
canopy  over  the  stream  during  most  of  the  year.  Material  was  collected  and  trans¬ 
ported  in  stream  water  to  Western  Illinois  University  at  Macomb.  Water  tempera¬ 
ture  and  light  intensity  were  measured  at  the  same  site  on  each  sampling  trip  to 
the  stream.  Light  intensity  was  recorded  in  microEinsteins«m  “  ^•s  “  ^ 
(/iE*m  “  ^•s"  ^)  with  a  quantum  sensor  (LI-190S,  Lambda  Instruments)  and  light 
meter  (LI-170,  Lambda),  and  temperature  with  a  mercury  thermometer.  Chemi¬ 
cal  analyses  of  stream  water  were  done  on  samples  taken  at  one- week  intervals  from 
20  June  to  25  July  1979  using  standard  methods  (APHA,  1976)  as  modified  by  the 
Hach  Company. 

Of  the  many  culture  media  tested,  best  growth  and  condition  of  filaments  were 
obtained  in  an  alteration  (Torres  and  O’Flaherty,  1976)  (Table  1)  of  Bold’s  modi¬ 
fied  Bristol’s  medium  (Starr,  1978).  This  altered  Torres-O’Flaherty  medium,  and 
modifications  of  it,  contained  10  mg  of  Ge02/L  to  inhibit  diatom  growth.  All  experi¬ 
ments  were  conducted  using  20  mL  of  autoclaved  medium  contained  in  50-mL  erlen- 
meyer  flasks  that  had  been  washed  in  detergent,  rinsed  seven  times  with  tap  water, 
once  with  3N  HCl  and  then  seven  times  with  glass  distilled  water.  Flasks  were  labeled 
and  placed  in  an  environmental  chamber  (I-36L,  Percival)  and  illuminated  with 
fluorescent  lighting  (20-watt,  cool  white,  Westinghouse). 

In  one  set  of  experiments,  temperatures  of  4,  8,  11  and  15  C  were  combined 
with  light  intensities  of  46.4,  92.9  and  185.8  /xE*m~^*s~  ^  and  light-dark  photore¬ 
gimes  of  8:16,  12: 12,  16:8  and  24:0.  A  second  series  repeated  a  portion  of  these  experi¬ 
ments  with  temperatures  of  11  and  15  C,  light  intensities  of  46.4  and  92.9 
^E*m~^*s~^  and  light-dark  cycles  of  8:16,  12:12  and  and  16:8.  Observations  of 
the  alga  from  each  flask  were  made  30  and  40  days  after  inoculation.  Some  flasks 
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were  returned  to  the  environmental  chamber  and  algal  material  examined  again 
85  and  130  days  after  inoculation.  A  final  set  of  experiments  combined  three  con¬ 
centrations  (1.1  X  10“^,  1.1  X  10  and  1.1  mg/L)  of  nitrate  (as  NaN03)  with 
three  concentrations  (6.0  x  10“^,  6.0  x  10“^  and  6.0  x  10“^  mg/L)  of  phos¬ 
phate  as  K2HPO4,  twojlght  inten^ties  (46.4  and  92.9  /xE*m  1)  and  three  light- 
dark  cycles  (8:16,  12:12  and  16:8). 

Unsuccessful  attempts  were  made  to  obtain  a  pure  culture  by  placing  tips  from 
Audouinella-like  filaments  in  media  containing  streptomycin  (25  mg/L)  or  actidi- 
one  (cycloheximide)  (50  mg/L)  or  both  of  these  antibiotics  (Stein,  1979).  As  a  result 
of  these  unsuccessful  efforts,  tips,  two  to  three  cells  in  length  and  free  of  debris, 
were  cut  from  filaments  with  a  sterilized,  stainless  steel  scalpel  and  placed  in  test 
medium  at  11  C  under  a  light  intensity  of  92.9  ^E»m~^*s~^  for  24  hours.  One 
mL  of  a  test  medium  was  then  withdrawn  and  used  as  an  inoculum  for  each  flask. 
Dark  periods  were  initiated  by  covering  each  flask  with  a  250-mL  beaker  painted 
with  two  coats  of  black  enamel.  Combinations  of  factors  were  each  replicated  three 
times  for  each  experiment. 

Samples  were  prepared  for  scanning  electron  microscopy  (SEM)  by  fixation  in 
2%  glutaraldehyde  in  0.2  M  sodium  cacodylate  buffer.  Dehydration  was  done  with 
a  graded  ethanol  series.  Specimens  were  critical-point  dried,  mounted  on  stubs  with 
double-stick  tape  and  sputter-coated  with  20  nM  of  gold-palladium.  Filaments  were 
examined  with  a  Jeol  JMS-25s  II  SEM. 

RESULTS  AND  DISCUSSION 

Audouinella-like  filaments  grew  from  filament  tips  used  as  inocula  in  all  experi¬ 
ments.  These  filaments  formed  monosporangia  and  each  cell  had  a  spiral,  ribbon¬ 
like  plastid  (Fig.  1)  typical  for  A.  violacea  (Smith,  1950).  In  SEM  photomicrographs, 
cells  exhibited  striations  in  their  walls  (Fig.  2)  reported  by  Garbary  (1978)  as  dis¬ 
tinctive  for  species  of  Audouinella. 

Juvenile  gametophytes  (Fig.  3)  arose  from  Audouinella-like  filaments  cultured 
under  a  number  of  combinations  of  conditions  (Table  2).  These  gametophytes  were 
structurally  those  of  a  species  of  Batrachospermum  (Fritsch,  1959;  Yoshida,  1959). 
The  Audouinella-like  filaments  were  the  chantransia  stage  of  Batrachospermum. 
Each  gametophyte  produced  rhizoid-like  branches  from  a  basal,  axial  cell  above 
the  point  of  attachment  to  the  chantransia  (Fig.  3).  Bead-like  pleuridia  (Aghajanian 
and  Hommersand,  1980)  branched  from  the  main  central  axis  of  each  gametophyte 
(Fig.  3).  Steps  in  gametophyte  development  were  not  observed,  but  based  on  the 
appearance  of  the  juveniles,  they  are  assumed  to  be  those  described  by  von  Stosch 
and  Theil  (1979). 

Gametophytes  were  most  abundant  in  flasks  at  light  intensities  of  46.4  and  92.9 
^•s~  ^  kept  at  15  G  under  all  light-dark  photoregimes  (Table  2).  They  did 
not  develop  in  cultures  grown  at  4  or  8  G,  or  in  those  under  a  light  intensity  of 
185.8  /xE*m~^*s"^  under  46.4  /^E*m“^*s"^  they  were  abundant  in 

a  light-dark  cycle  of  8:16  and  less  abundant  at  16:8  (Table  2).  Gametophytes  were 
produced  at  11  G,  under  8:16,  46.4  /^E»m"^*s"^  a  phosphate  concentration  of 
6.0  X  10  mg/L  and  nitrate  at  either  1.1  x  10"^  or  1.1  mg/L  or  with  phosphate 
at  6.0  X  10~^  mg/L  and  nitrate  at  1.1  x  10“^  mg/L.  At  an  intensity  of  92.9 
/iE*m~^*s"^  and  11  G,  gametophytes  formed  in  a  nitrate  concentration  of  1.1 
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mg/L  with  phosphate  at  6.0  x  10  mg/L  and  a  light-dark  regime  of  16:8,  or  in 
a  phosphate  concentration  of  6.0  x  10“^  mg/L  with  12:12.  Gametophytes  were 
not  as  numerous  under  conditions  involving  nitrate  and  phosphate  variations  as  they 
were  in  the  medium  containing  the  original  concentrations  of  these  two  factors 
(1.1  X  10  mg  nitrate/L;  40.9  mg  phosphate/L).  Nitrate  concentrations  were  not 
less  than  11.0  mg/L  and  phosphate  was  not  more  than  8.0  x  10“  ^  mg/L  in  sam¬ 
ples  from  the  stream  (Table  3).  A  temperature  of  15  C  was  not  observed  in  the  stream 
water  (Table  4).  It  is  unlikely  that  conditions  in  the  stream  remained  constant  long 
enough  to  allow  development  of  gametophytes  (Tables  3  and  4).  As  Minckley  and 
Tindall  (1963)  noted,  Batrachospermum  has  complex  relationships  with  its  environ¬ 
ment  and  no  single  factor  can  be  discussed  without  assessing  the  changes  and  con¬ 
stancies  of  other  factors. 

Maturation  of  gametophytes  was  not  observed  in  cultures  maintained  for  up 
to  130  days  after  inoculation.  Since  we  had  a  stationary  culture  situation,  a  lack 
of  free  carbon  dioxide  probably  inhibited  this  maturation  (Rider  and  Wagner,  1972; 
Raven  and  Beardall,  1981). 

Hair  formation  at  the  ends  of  pleuridia  (Fig.  4)  was  seen  on  gametophytes  main- 
tan^d  for  85  days  at  11  C,  under  a  light  intensity  of  46.4  /^E*m“^*s“  ^  and  with 
8:16.  This  formation  occurred  under  a  lower  light  intensity  but  higher  temperature 
than  conditions  reported  for  other  red  algae.  Stimulation  of  hair  formation  occurred 
at  high  light  intensities  in  low  nitrogen  concentrations  in  Ceramium  (DeBoer  and 
Whoriskey,  1981)  diud  Acrochaetium  (West,  1971),  and  at  high  light  intensities  and 
low  temperatures  (2  and  8  C)  in  Chromastrum  (Stegenga  and  Mulder,  1979).  West 
(1971)  indicated  that  hairs  might  be  sites  of  nutrient  uptake  which  was  supported 
by  studies  done  on  A.  hermannii  (Roth)  Duby  (Hymes  and  Cole,  1983)  and  other 
red  algae  (DeBoer  and  Whoriskey,  1981). 

Chantransia  filaments  grown  under  various  conditions  produced  enlarged  tips 
(>12.5  fiM  in  width)  that  resembled  clubs  (Fig.  5).  Gametophytes  and  these  club 
filaments  were  not  seen  in  the  same  flasks  but  were  often  in  different  flasks  sub¬ 
jected  to  the  same  set  of  conditions.  At  15  C,  club  filaments  were  produced  at  all 
light  intensities  and  under  all  light-dark  regimes  except  185.8  ^  and 

24:0  (Table  5).  They  were  most  abundant  in  flasks  kept  at  15  C  and  exposed  to 
16:8  under  any  one  of  thejhree  light  intensities,  or  those  at  ^  8,  11  or  15  C  under 
46.4  ixE*m~^*s~  ^  and  8:16.  At  8  C,  a  light-dark  cycle  of  16:8  resulted  in  an  abun¬ 
dant  production  of  these  filaments  under  all  light  intensities  while  one  of  8:16 
produced  them  in  abundance  under  46.4  or  185.8  /iE*m“^*s“h  Under  185.8 
/iE*m“^*s“  ^  and  8  C,  these  filaments  were  produced  under  all  light-dark  cycles 
and  were  in  abundance  in  all  but  24:0.  At  11  C,  club  filaments_were  abundant  only 
under  the  two  lower  light  intensities  in  combination  with  JB:  16  or  16:8  (Table  5). 
Based  on  these  results,  the  most  common  temperature  observed  in  the  stream  (11 
C)  (Table  4)  would  allow  club  filament  development  only  under  the  most  restric¬ 
tive  range  of  light  intensity  and,  in  nature,  photoperiod.  Club  filaments  were  not 
observed  on  material  taken  from  the  stream.  Conditions  favorable  for  their  develop¬ 
ment  would  not  exist  long  enough  for  their  formation.  In  culture,  formation  required 
at  least  30  days.  Structures  similar  to  club  filaments  were  reported  for  A.  floridula 
(Dillwn.)  Woelkering  (Knaggs,  1967)  and  Yoshida  (1959)  gave  a  vague  reference 
to  inflated  cells  present  in  Batrachospermum .  Their  function  is  not  known  but  it 
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is  possible  that  these  filaments  were  some  developmental  stage  in  the  life  history 
of  Batrachospermum .  They  may  have  been  filaments  that  were  inhibited  from  form¬ 
ing  gametophytes.  A  swelling  at  the  tips  of  branches  that  eventually  produced 
gametophytes  was  reported  by  von  Stosch  and  Theil  (1979). 

After  the  growth  periods  necessary  for  the  development  of  this  alga,  some  con¬ 
taminants  were  found.  These  contaminants  were  species  of  Chlamydomonas,  Chlo- 
rella,  Chlorotylium,  rarely  Cladophora  (Chlorophyta),  Schizothrix  (Cyanophyta) 
and  Trachelomonas  (Euglenophyta). 
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Table  1.  Concentrations  of  components  of  a  modification  of  Bristol’s  medium  used 
in  culturing  Batrachospermum . 


Component^ 

Concentration  (mg/L) 

NaN02 

1.5 

X 

10-2 

CaCl3*2H20 

25.0 

MgS04»7H20 

75.0 

K2HPO4 

75.0 

NaCl 

25.0 

FeCl3»6H20 

5.4 

X 

10-1 

H3BO3 

6.2 

X 

10-1 

MnCl2»4H20 

1.4 

ZnCl2 

1.0 

X 

10-1 

CoCl2*6H20 

5.0 

X 

10-3 

CuCl2*2H20 

3.4 

X 

10-5 

Na2EDTA 

3.0 

Ge02 

10.0 

^Forty-eight  hours  after  autoclaving,  this  medium  had  a  pH  of  7.1. 


Table  2.  Gametophyte  production  in  various  combinations  of  environmental 
conditions. 


Light  Intensity 
(/iE*m  -^’s-  1) 

Temperature 

(C) 

Light-Dark  Photoregimes 

8:16  12:12  16:8 

46.4 

11 

-h  -1- 

None 

-1- 

15 

-1-  -1- 

-f-  -h 

+  + 

92.9 

11 

-1-  + 

None 

None 

15 

+  + 

+  + 

+  + 

( 4- )indicates  that  gametophytes  were  present  in  this  combination  but  in  low  numbers. 
( -I-  )indicates  that  gametophytes  were  abundant  in  this  combination. 
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Table  3.  Results  of  chemical  analyses  done  on  stream  water  samples  obtained 
between  20  June  and  25  July  1979. 


Factor 

Analysed 

20  June 

27  June 

4  July 

25  July 

Alkalinity 

(ppm  CaC03) 

300.0 

285.0 

270.0 

235.0 

Carbon  Dioxide 

(ppm) 

188.0 

102.0 

104.0 

118.0 

Chromium 

(ppm  as  Cr®^) 

2.5 

X 

10-2 

2.5 

X 

10-2 

2.5 

X 

10-2 

4.0  X 

10-2 

Copper  (ppm) 

0 

0 

2.5 

X 

10-2 

4.0  X 

10-2 

Dissolved  Oxygen 

(ppm) 

11.0 

11.0 

11.0 

11.0 

Hardness-Total 

(ppm  CaCo3) 

280.0 

320.0 

290.0 

260.0 

Iron  (ppm) 

2.0 

X 

10-2 

2.0 

X 

10-2 

3.5 

X 

10-2 

3.5  X 

10-2 

Manganese  (ppm) 

1.5 

X 

10-1 

2.0 

X 

10-1 

1.2 

X 

10-1 

2.0  X 

10-1 

pH 

6.8 

6.8 

6.8 

7.4 

Phosphate-T  otal 

(ppm) 

8.0 

X 

10-1 

1.6 

X 

10-1 

3.5 

X 

10-1 

4.8  X 

10-1 

Nitrate  Nitrogen 

(ppm) 

87.5 

11.0 

10.5 

11.75 

Silica  (ppm) 

19.1 

25.6 

21.9 

23.8 

Turbidity  (JTU) 

0 

0 

7.5 

5.0 
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Table  4.  Water  temperatures  and  light  intensities  at  the  water  surface  of  the  stream 
during  1979,  1980  and  1981. 

Date 

Time  of 
Day  (CST) 

Cloud 

Conditions 

Temperature 

(C) 

Light  Intensity 
(fiE  .  m  “  ^ .  s  “ 

1979 

16  May 

0939 

Full  Sun 

11.0 

43.9 

20  June 

1425 

Full  Sun 

11.0 

29.9 

27  June 

1430 

Cloudy 

11.0 

20.0 

4  July 

1045 

Cloudy 

11.0 

9.9 

25  July 

1540 

Partly  Cloudy 

11.5 

59.9 

1980 

21  April 

1210 

Full  Sun 

10.5 

190.0  (899.9)1 

14  May 

1308 

Full  Sun 

10.5 

46.0  (259.9) 

24  July 

1045 

Full  Sun 

12.0 

17.9 

13  September 

1130 

Full  Sun 

14.0 

43.9 

30  December 

1115 

Cloudy 

13.0 

160.0 

1981 

19  February 

1043 

Partly  Cloudy 

11.0 

210.0 

12  April 

1210 

Cloudy 

11.0 

191.3 

^Numbers  in  parentheses  are  values  obtained  when  the  canopy  allowed  full  sun 
surface.  Other  values  were  obtained  when  the  water  surface  was  in  full  shade. 

to  reach  the  water 
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Table  5.  Club 

filament  production 

in  various 

combinations 

of  environmental 

conditions. 

Light  Intensity 

Temperature 

Light-Dark  Photoregimes 

(^E*m  ~  2*5  -  1) 

(C) 

8:16 

12:12 

16:8 

24. :0 

46.4 

4 

+  + 

-1- 

+  -h 

4- 

8 

+  + 

+ 

+  + 

None 

11 

+  + 

-t- 

4-  4- 

None 

15 

+  -1- 

-h  4- 

4-  4- 

4- 

92.9 

4 

+  + 

-1-  -1- 

4-  4- 

4- 

8 

None 

None 

4-  4- 

None 

11 

+  + 

None 

+  4- 

None 

15 

+ 

-1- 

-h  4- 

4- 

185.8 

4 

+  + 

None 

None 

None 

8 

+  + 

-h  + 

+  4- 

4- 

11 

None 

None 

4- 

15 

-I- 

-1- 

4-  4- 

None 

( +  )indicates  the  club  filaments  were  present  in  this  combination  but  in  low  numbers. 
( +  +  )indicates  the  club  filaments  were  abundant  in  this  combination. 
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/ 

Fig.  1.  Chantransia  of  Batrachospermum  sp.  with  cells  containing  spiral,  ribbon-like  plastids  (arrows). 

Fig.  2.  Scanning  electron  micrograph  showing  longitudinal  striations  (arrows)  on  the  surface  of  vegeta¬ 
tive  cells  of  the  chantransia. 

Fig.  3.  Gametophyte  attachment  to  the  chantransia.  Note  pleuridia  (P),  basal  attachment  cell  (B)  and 
rhizoid-like  branch  (R). 

Fig.  4.  Hair  (arrow)  formed  at  end  of  a  pleuridium. 


j 
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Fig.  5.  Club  filaments  (arrow)  produced  on  chantransia. 
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ABSTRACT 

Based  on  the  Ceneral  Land  Office  Survey  notes  that  were  completed  in  the  1820’s 
in  central  Illinois,  sugar  maple  was  a  minor  forest  component.  Present  surveys,  how¬ 
ever,  indicate  that  some  of  these  forests  are  changing  from  a  prevailing  oak-hickory 
cover  type  to  one  in  which  sugar  maple  is  the  dominant  species.  The  large  number 
of  seedling,  saplings,  and  small  diameter  trees  of  this  species  indicates  that  it  is  an 
extremely  aggressive  taxon  that  will  continue  to  increase  in  importance. 

INTRODUCTION 

Present  indications  are  that  sugar  maple  {Acer  saccharum  Marsh.)  is  increasing 
in  importance  in  many  Illinois  forests.  If  this  trend  continues,  many  of  the  oak- 
hickory  forests  and  the  wildlife  that  depends  upon  them  will  be  in  serious  trouble 
in  the  near  future.  This  problem  has  become  an  increasing  concern  to  some  natural 
area  ecologists  and  managers.  It  appears,  that  in  many  areas,  even  the  best  quality 
oak-hickory  communities  are  undergoing  an  apparent  irreversible  change  as  sugar 
maple,  and  other  shade  tolerant  species,  replace  many  of  the  original  forest  compo¬ 
nents.  Though  this  change  seems  fairly  obvious,  few  detailed  studies  have  been  under¬ 
taken.  Also,  almost  no  work  has  been  done  concerning  the  possible  methods  that 
can  be  used  to  reverse  this  trend. 


METHODS 

The  presettlement  vegetation  of  Kane,  Lake,  Coles  and  Douglas  Counties  was 
determined.  For  Kane  and  Lake  Counties  the  information  was  taken  from  the  studies 
of  Kilburn  (1959)  and  Moran  (1976),  while  for  Coles  and  Douglas  Counties  the  vege¬ 
tation  was  reconstructed  using  the  General  Land  Office  Survey  notes.  From  this 
data  it  is  possible  to  determine  the  importance  of  sugar  maple,  as  well  as  all  other 
tree  species,  at  or  near  the  time  of  pioneer  settlement.  This  information  was  then 
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compared  with  that  obtained  from  recent  vegetation  surveys  of  a  number  of  forest 
areas  in  east-central  Illinois. 


RESULTS  AND  DISCUSSION 

Presettlement  forest  vegetation:  A  large  amount  of  vegetation  information  can 
be  obtained  from  the  General  Land  Office  Survey  notes  (Bourdo,  1956).  The  job 
of  the  surveyors  was  to  establish  a  grid  system  of  township,  range,  and  section  lines 
by  the  placement  of  section  and  quarter  section  corner  posts.  In  prairie  and  marsh 
areas  only  posts  were  used,  while  in  timbered  areas  two  (or  four)  witness  trees  were 
blazed  and  the  distance  and  direction  of  these  trees  from  the  corner  posts,  the  spe¬ 
cies,  and  dbh  recorded.  Since  the  placement  of  the  corner  posts,  and  the  selection 
of  witness  trees  is  essentially  random,  it  is  possible,  by  using  the  random -pairs  method 
or  the  quarter  method  to  calculate  the  density  and  importance  value  of  sugar  maple, 
as  well  as  all  other  recorded  species,  in  the  pre-settlement  forest  (Phillips,  1959). 

In  Lake  County,  Illinois  Morain  (1976)  reported  that  only  nine  sugar  maples 
were  listed  as  witness  trees  out  of  the  2340  recorded  by  the  surveyors.  In  general, 
savanna,  which  was  dominated  by  bur  oak,  accounted  for  most  of  the  timbered 
area  in  Lake  County.  However,  sugar  maple-basswood  forests  did  occur  on  the  east 
side  of  the  Des  Plaines  River  on  glacial  valley  trains  or  alluvial  deposits,  but  did 
not  extend  up  onto  the  moraines.  In  Kane  County  the  situation  was  similar.  Kilburn 
(1959)  reported  that  the  density  of  sugar  maple  was  extremely  low  with  only  59 
individuals  being  recorded  out  of  the  total  of  2103  witness  trees.  Overall,  sugar 
maples  had  an  importance  value  of  5. 1  (out  of  a  possible  200).  In  the  bur  oak  cover 
type,  whch  includes  most  of  the  forested  part  of  the  county,  sugar  maple  was  rarely 
encountered.  However,  in  an  area  referred  to  as  “Big  Woods”,  which  covers  several 
thousand  acres  with  heterogeneous  topography  and  drainage  located  just  east  of 
Aurora,  Illinois,  a  more  mesophytic  sugar  maple- white  oak  cover  type  existed.  Here 
sugar  maple  made  up  22.2%  of  the  stand. 

Recently  the  author  has  examined  the  General  Land  Office  Survey  notes  for 
Coles  and  Douglas  Counties.  In  Douglas  County  only  seven  sugar  maples,  out  of 
a  total  of  377  witness  trees,  were  recorded,  giving  sugar  maple  an  importance  value 
of  3.7  (out  of  a  possible  200).  In  Coles  County  sixteen  sugar  maples  were  recorded 
among  the  1252  witness  trees  for  an  importance  value  of  2.3.  In  both  counties  the 
sugar  maples  were  listed  for  corners  located  in  rough  topography,  usually  associated 
with  streams  or  rivers,  and  not  on  the  flat  uplands. 

Present  forest  vegetation:  In  Table  1  the  occurence  of  sugar  maple  is  recorded 
for  some  of  the  forests  of  east-central  Illinois  that  have  been  surveyed  by  the  author 
and  his  students  during  the  past  twenty  years.  In  this  table  the  number  of  sugar 
maple  seedlings,  saplings,  and  trees  by  broad  diameter  classes  are  listed  for  each 
study  area,  as  well  as  its  relative  values,  importance  value,  and  importance  value 
ranking. 

In  a  few  of  these  areas  sugar  maple  is  not  an  important  stand  component.  At 
Walnut  Point  State  Park  (Ebinger,  et  al,  1977)  this  species  is  rarely  encountered. 
Also,  at  Burgner  Acres  (Blackmore  and  Ebinger,  1967)  it  is  not  common.  During 
a  later  survey,  however,  it  showed  a  slight  increase  in  importance  and  this  trend 
will  probably  continue  (Lehnen  and  Ebinger,  1984). 
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In  the  other  areas  listed  in  Table  1,  sugar  maple  is  a  relatively  important  stand 
component,  ranking  in  importance  value  from  first  to  ninth.  In  these  areas  it  is  well 
represented  in  the  seedling  and  sapling  categories  as  well  as  in  the  smaller  diameter 
classes.  In  most  of  these  forests  it  ranks  first  or  second  in  seedlings  and  saplings  per 
acre. 

Probably  the  best  example  of  the  increasing  importance  of  sugar  maple  is  at 
Baber  Woods,  Edgar  county,  Illinois.  McClain  and  Ebinger  (1968)  reported  that 
sugar  maple  ranked  second  in  importance,  ranked  first  in  relative  density,  and  domi¬ 
nated  the  seedling,  sapling,  4-6  and  7-12  inch  diameter  classes.  In  a  more  recent 
survey  of  the  same  area  (Newman  and  Ebinger,  1985),  this  trend  was  continued 
with  sugar  maple  increasing  to  first  in  importance  value,  and  almost  doubling  in 
the  number  of  trees  per  acre.  Also,  it  continues  to  dominate  the  seedling  and  sap¬ 
ling  categories,  and  now  accounts  for  nearly  half  of  the  individuals  in  both  the  4-6 
and  7-12  inch  diameter  classes.  In  this  woods  maple  and  oak  represent  two  distinct 
age  classes.  This  is  emphasized  in  Figure  1  where  smoothed  curves  of  basal  area 
by  diameter  class  are  shown  for  sugar  maple,  all  oak  species  combined,  and  all  spe¬ 
cies  combined.  The  biomodal  characters  of  these  curves  show  that  the  oaks  pre¬ 
dominate  the  higher  diameter  classes,  and  suggests  that  these  species  have  been  an 
important  forest  component  for  an  extended  period  of  time.  Sugar  maple,  in  con¬ 
trast,  predominates  the  lower  diameter  classes,  and  has  probably  been  increasing 
steadily  during  the  past  century.  The  large  number  of  seedlings  and  saplings  of  this 
species  suggests  a  continuation  of  this  trend. 

Other  forests  studied  in  central  Illinois  also  indicates  a  trend  in  the  importance 
of  sugar  maple.  Two  “prairie  grove  forests”  in  Champaign  County  have  been  sur¬ 
veyed  at  various  times  in  the  past,  and  in  both,  sugar  maple  is  an  important  com¬ 
ponent.  In  Trelease  Woods  (Boggess,  1964;  Pelz  and  Rolfe,  1977),  sugar  maple 
dominates  the  seedling  and  sapling  categories  as  well  as  most  of  the  diameter  classes. 
This  species  also  has  the  highest  relative  values  and  importance  value  of  all  species 
in  the  woods.  Similar  results  were  obtained  for  Brownfield  Wods  by  Boggess  and 
Bailey  (1964)  and  Miceli,  Rolfe,  Pelz,  and  Edgington  (1977). 

An  inventory  of  the  woody  vegetation  of  Funk  Forest  Natural  Area  was  con¬ 
ducted  by  Boggess  and  Geis  (1966).  This  forest  is  an  example  of  a  mesophytic  forest 
that  is  transitional  between  the  upland  oak-hickory  cover  type  and  the  “prairie  grove 
forest”.  Presently  sugar  maple  is  the  dominant  species  (IV  of  57.9)  followed  closely 
by  white  oak  and  elm.  According  to  Boggess  and  Geis  (1966)  sugar  maple  and  white 
oak  represent  two  distinct  age  classes  when  basal  area  is  plotted  against  diameter. 
The  results  show  that  white  oak,  which  predominates  in  the  thirty  inch  diameter 
class,  is  a  “pioneer”  species;  and  that  sugar  maple,  which  predominates  in  the  six¬ 
teen  inch  diameter  class,  has  perhaps  been  increasing  steadily  in  importance  dur¬ 
ing  the  past  century. 

Present  forest  surveys,  when  compared  with  presettlement  vegetation,  indicate 
that  most  of  the  forest  in  central  Illinois  are  changing  from  a  prevailing  oak-hickory- 
dominated  cover  type  to  one  in  which  sugar  maple  is  the  most  important  constitu¬ 
ent.  The  large  number  of  seedlings  and  saplings  of  this  species,  as  well  as  its  impor¬ 
tance  in  the  smaller  diameter  classes,  indicates  that  it  is  an  extremely  aggressive 
taxon  that  will  probably  continue  to  increase  in  importance.  Also,  its  high  gap-phase- 
replacement-potential  will  enable  it  to  take  advantage  of  canopy  openings  that  occur 
when  the  veteran  trees  die. 
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Table  1.  Seedlings,  saplings,  and  trees  (by  diameter  classes)  per  acre,  relative  values,  importance  values,  and  importance 
value  ranking  for  sugar  maple  in  some  east-central  Illinois  forests.  The  number  in  parenthesis  is  the  percent  of 
the  total  stand  for  that  category  represented  by  sugar  maple. 
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Fig.  1  Smooth  curves  of  basal  area  by  diameter  class  for  sugar  maple,  all  oak  species  combined,  and  all 
species  combined  at  Baber  Woods,  Edgar  County,  Illinois. 
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ABSTRACT 

Eighty-two  county  records  to  the  vascular  plant  flora  of  Illinois  are  reported. 

INTRODUCTION 

In  1984,  The  Morton  Arboretum  received  on  permanent  loan  from  Wildlife  Prai¬ 
rie  Park  in  Peoria,  Illinois  a  collection  of  seeds  and  fruits,  herbarium  specimens, 
Kodachrome  transparencies,  fungi  and  spore  prints,  and  pollen  slides.  The  collec¬ 
tion  was  made  by  Dr.  and  Mrs.  R.H.  Runde  and  had  been  a  gift  to  Wildlife  Prairie 
Park  in  1979.  It  consisted  of  taxa  predominantly  from  a  23  county  region  in  north¬ 
western  Illinois  and  includes: 

1310  vials  of  properly  identified  and  stored  seeds  and  fruits 

1400  dried  fungi  and  spore  prints 

1295  herbarium  specimens  representing  644  species 

9200  high  quality  Kodachrome  transparencies  of  inflorescences,  fungi,  seeds, 
fruits,  buds,  and  insects 

371  pollen  slides 

The  collection  is  in  use  at  The  Morton  Arboretum  for  display  and  research  purposes. 

Verification  and  accessioning  of  the  Runde  herbarium  led  to  the  discovery  of 
a  number  of  taxa  not  recorded  by  Mohlenbrock  and  Ladd  (1978)  for  Illinois.  We 
have  also  compared  our  list  with  those  of  Henry  and  Scott  (1979,  1980,  1983a, 
1983b),  Henry  et  al.  (1978),  Mohlenbrock  (1983,  1985),  and  Shildneck  et  al.  (1981) 
in  order  to  avoid  repetition  of  previously  reported  records.  In  total,  68  new  county 
records  (see  list  below)  were  gleaned  from  the  Runde  collection  and  an  additional 
14  records  were  discovered  in  the  existing  holdings  of  the  herbarium  at  The  Morton 
Arboretum  (MOR). 
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Nomenclature  follows  Mohlenbrock  and  Ladd  (1978).  Following  each  plant 
name  is  the  county  from  which  it  is  being  reported,  the  collector,  and  collection 
number(s)  or  date  if  there  is  no  collection  number.  Dr.  Virginius  H.  Chase,  former 
curator  of  the  Peoria  Academy  of  Science,  was  the  mentor  and  good  friend  of  Dr. 
Runde  and  the  major  contributor  to  the  Runde  herbarium  collection. 
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LIST  OF  RECORDS 

PTERIDOPHYTA 


Salviniaceae 

Azolla  mexicana  Presl 

TAZEWELL  (Chase  18263) 

Polyp  odiaceae 

Polypodium  virginianum  L.  Thelypteris  palustris  Schott 

COOK  (Evert  1662,  3624)  var.  pubescens  (Laws.)  Eern. 

ROCK  ISLAND  (Chase  17403) 


MACNOLIOPHYTA 

LILIOPSIDA 


Alismataceae 

Sagittaria  rigida  Pursh 
KANE  (Young,  22JUN80) 

LEE  (Chase  16646) 

Cyperaceae 

Carex  comosa  Boott 
BUREAU  (Chase  16667) 

C.  haydenii  Dewey 

MASON  (Runde  ir  Chase  17896) 
C.  lupulina  Willd. 

WHITESIDE  (Chase  16702) 

C.  lurida  Wahl. 

BUREAU  (Chase  16667^/2) 

C.  muskingumensis  Schwin. 

WOODFORD  (Chase  18428) 

C.  tetanica  Schk. 

MASON  (Chase  16573) 

Cyperus  aristatus  Rottb. 

LEE  (Chase  16201) 

C.  filiculmis  Vahl 

PEORIA  (Chase  16801) 

C.  houghtonii  Torr. 

WHITESIDE  (Chase  16759) 


Cramineae 

Eragrostis  frankii  C.A.  Meyer 
TAZEWELL  (Chase  17096) 
Melica  mutica  Walt. 

TAZEWELL  (Chase  16017) 
Muhlenbergia  racemosa  (Michx.)  BSP 
TAZEWELL  (Chase  16807) 

Poa  annua  L. 

PEORIA  (Chase  16454) 
Sporobolus  clandestinus  (Biehl.) 
Hitchc. 

HENDERSON  (Chase  17605) 
Iridaceae 

Belamcanda  chinensis  (L.)  DC. 
ROCK  ISLAND  (Chase  16153) 

Lemnaceae 

Lemna  trisulca  L. 

FULTON  (Chase  17417) 

Zosteraceae 

Potamogeton  zosteriformis  Fern. 
PEORIA  (Runde  8JUN71) 
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MAGNOLIOPSIDA 


Amaranthaceae 

Amaranthus  ambigens  Standi. 
DEKALB  {Greeley  313) 
DUPAGE  (Teuscher  19AUG25) 
KENDALL  {Swink  18SEP65) 
TAZEWELL  {Chase  17098) 

A.  cruentus  L. 

PEORIA  {Chase  16362) 

A.  spinosus  L. 

TAZEWELL  {Chase  16334) 

Aristolochiaceae 

Aristolochia  serpentaria  L. 
KENDALL  {Young  7AUG81) 

Asclepiadaceae 

Asclepias  quadrifolia  Jacq. 
WOODFORD  {Chase  16697) 

Betulaceae 

Betula  nigra  L. 

WHITESIDE  {Chase  16697) 

Boraginaceae 

Myosotis  stricta  Link. 

ROCK  ISLAND  {Chase  16921) 

Caryophyllaceae 

Cerastium  hrachypodum  (Engelm.) 
Robins. 

ROCK  ISLAND  {Chase  16898) 

C.  viscosum  L. 

COOK  {Swink  19MAY84) 
MACOUPIN  {Wilhelm  ir 
Rastorfer  7039) 

Chenopodiaceae 

Corispermum  hyssopifolium  L. 
CARROLL  {Runde  h  Chase 
16349) 

Compositae 

Liatris  cylindrica  Michx. 

LEE  {Chase  16779) 

Senecio  glabellus  Poir. 

FULTON  {Runde  ir  Chase  17295) 
Solidago  graminifolia  (L.)  Salisb. 
var.  gymnospermoides  (Greene) 
Croat 

MASON  {Chase  17140) 

S.  rigida  L. 

ROCK  ISLAND  {Chase  17121) 


Sonchus  arvensis  L.  var.  glabrescens 
Geunth.,  Gram.,  &  Wimmer 
PEORIA  (Chase  16213) 
Tragopogon  dubius  Scop. 
TAZEWELL  {Chase  17241) 

Convolvulaceae 

Ipomoea  lacunosa  L. 

PUTNAM  {Chase  16664) 

Cruciferae 

Alyssum  alyssoides  L. 

ROCK  ISLAND  {Runde 
15MAY71) 

Rrassica  nigra  (L.)  K.  Koch 
OGLE  {Chase  18433) 

Cardamine  draba  (L.)  Desv. 

PEORIA  {Chase  16522) 

C.  pensylvanica  Muhl. 

FULTON  {Chase  17337) 
WHITESIDE  {Chase  17775) 
Descurainia  sophia  (L.)  Webb. 

PEORIA  {Chase  16578) 

Draba  verna  L. 

MACOUPIN  {Chase  16393^/2) 
Rorippa  sylvestris  (L.)  Bess. 
PUTNAM  {Chase  16662) 

Labiatae 

Lamium  amplexicaule  L. 

MACOUPIN  {Runde  ir  Chase 
16395) 

Leguminosae 

Hosackia  americana  (Nutt.)  Piper 
DUPAGE  {Lampa  25JUL72) 
Lathyrus  tuberosus  L. 

HENDERSON  {Runde  ir  Chase 
17858,  17975) 

KANE  {Young  9JUN73) 

Trifolium  arvense  L. 

MASON  {Runde  22JUL72) 
Wisteria  macrostachya  Nutt. 
FULTON  {Chase  16020) 

Polemoniaceae 
Phlox  pilosa  L. 

BUREAU  {Chase  16559) 
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Primulaceae 

Lysimachia  lanceolata  Walt, 
var.  lanceolata 

GALLATIN  {Armstrong  h  Hinton 
5NOV79) 

L,  Lanceolata  var.  hybrida 
(Michx.)  Gray 
DUPAGE  {Hoff  2AUG84) 

WILL  {Sorensen  ir  Piatek  7394) 

Pyrolaceae 

Monotropa  hypopithys  L. 

PEORIA  {Runde  31JUL67) 

Rosaceae 

Crataegus  crus-galli  L. 

ROGK  ISLAND  {Chase  16548) 

C.  monogyna  Jacq. 

DUPAGE  {Lampa  16JUL80) 
PEORIA  {Chase  18131,  16811) 
Prunus  americana  Marsh. 

TAZEWELL  {Chase  15933) 

P.  mahaleh  L. 

TAZEWELL  {Chase  16908) 
Spiraea  tomentosa  L. 

PEORIA  {Chase  18425) 

Rubiaceae 

Houstonia  minima  Beck 

ROGK  ISLAND  {Chase  16899) 

Rutaceae 

Ptelea  trifoliate  L.  var.  mollis 
T.  &  G. 

TAZEWELL  {Chase  16006) 
MASON  {Chase  16628) 


Salicaceae 

Populus  tremuloides  Michx. 
WOODFORD  {Chase  17789) 

Scrophulariaceae 

Linaria  dalmatica  (L.)  Mill. 

TAZEWELL  {Chase  15996) 
Lindernia  anagallidea  (Michx.) 
Pennell 

LEE  {Chase  16200) 

Penstemon  hirsutus  (L.)  Willd. 
TAZEWELL  {Chase  15981, 
16488) 

Veronica  serpyllifolia  L. 

MASON  {Runde  ir  Chase  16505) 
PEORIA  {Runde  6JUL73) 

Umbelliferae 

Conium  maculatum  L. 

MERGER  {Chase  16541) 

Oxypolis  rigidior  (L.)  Raf. 

ROGK  ISLAND  {Chase  16764) 
Poly  taenia  nuttallii  DG. 

PUTNAM  {Chase  16660) 

Sanicula  canadensis  L. 

BUREAU  {Chase  16642) 
Thaspium  barbinode  (Michx.)  Nutt. 
BUREAU  {Chase  16194) 


LITERATURE  CITED 


Henry,  R.D.  &  A.R.  Scott.  1979.  Additions  to  the  vascular  flora  of  west-central  Illinois.  Trans.  Illinois 
State  Acad.  Sci.  72:52-55. 

_ & _ .  1980.  New  Illinois  angiosperm  distribution  records.  Phytologia  50:393-400. 

_ & _ .  1983a.  New  state  records  and  other  noteworthy  collections  for  the  Illinois 

vascular  flora.  Phytologia  52:331-335. 

&  ..  1983b.  A  new  Illinois  vascular  plant  and  other  distributional  records  from 


west-central  Illinois.  Phytologia  53:141-145. 

_ , _ ,  &  P.  Shildneck.  1978.  Additions  to  the  distribution  of  Illinois  vascular 


plants.  Trans.  Illinois  State  Acad.  Sci.  71:51-61. 

Mohlenbrock,  R.H.  1983.  Additions  to  the  Illustrated  Flora  of  Illinois  II.  Ferns.  Erigenia  3:23-47. 

,  1985.  Illinois  flora  update:  New  distribution  data  for  Illinois  vascular  plants  II.  Erigenia 


5:53-64. 


_  &  D.M.  Ladd.  1978.  Distribution  of  Illinois  vascular  plants.  S.  Illinois  Univ.  Press, 

Carbondale,  Ill.  282  pp. 

_ & _  1983.  New  distributional  data  for  Illinois  vascular  plants.  Erigenia  3:2-21. 

Shildneck,  P.,  A.G.  Jones,  &  V.  Muhlenback.  1981.  Additions  to  the  vouchered  records  of  Illinois  plants 
and  a  note  on  the  occurrence  of  Rumex  cristatus  in  North  America.  Phytologia  47:265-290. 


Transactions  of  the  Illinois  Academy  of  Science 
(1986),  Volume  79,  1  and  2,  pp.  35-52 


THE  BRYOPHYTES  OF 
CHAMPAIGN  COUNTY,  ILLINOIS 


Bill  N.  McKnight 

Section  of  Botany  and  Plant  Pathology 
Illinois  Natural  History  Survey 
607  East  Peabody  Drive 
Champaign,  IL  61820 


ABSTRACT 

Champaign  County  has  107  species  of  bryophytes,  consisting  of  12  Hepaticae 
(liverworts)  and  95  Musci  (mosses).  Most  of  the  taxa  are  common  throughout  the 
Midwest,  although  63  of  the  species  are  county  records.  Fourteen  previously  reported 
taxa  and  two  previously  unreported  taxa  were  not  relocated  in  the  field.  The  taxa 
are  presented  in  an  annotated  checklist  that  gives  collection  data,  frequency,  and 
location  of  vouchers,  including  ten  species  that  are  being  maintained  in  axenic  cul¬ 
ture.  A  presettlement  vegetation  map  of  the  county  shows  the  location  of  collection 
sites. 


INTRODUCTION 

Champaign  County  is  a  2,712  km^  (998  mF)  tract  located  in  the  Grand  Prairie 
Division  of  east  central  Illinois.  The  entire  area  is  north  of  the  Wisconsinan  glacial 
boundary  and  is  quite  flat;  elevation  within  the  county  varies  from  189  m  (620  ft.) 
to  261  m  (855  ft.).  According  to  the  Government  Land  Office  Surveys  conducted 
in  the  1830’s,  more  than  90%  of  the  county  was  covered  with  tallgrass  prairie  in 
presettlement  times  (Fig.  1).  But  the  use  of  field  tile  and  drainage  ditches,  starting 
circa  1870  (Roberts,  1963),  and  the  development  of  the  steel  plow  permitted  the 
expansion  of  agriculture,  and  the  once  common  prairie  and  wetlands  have  been 
essentially  obliterated.  Today  the  prairie  is  confined  to  small  linear  patches  found 
primarily  along  railroads  and  occasionally  in  fence  rows  and  cemeteries.  The  most 
liberal  estimate  I  would  accept  for  the  amount  of  prairie  remaining  in  the  county 
is  120  ha.  (300  acres),  which  is  only  0.05%  of  the  presettlement  total,  and  almost 
all  of  this  is  Grade  C  quality. 

The  remainder  of  the  county,  approximately  6%  or  16,000  ha.  (40,000  acres), 
was  covered  by  oak-dominated  hardwood  forests  (Government  Land  Office  Surveys) . 
These  forests  were  mainly  on  the  leeward  side  of  water  courses,  which  afforded 
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some  protection  from  fires  driven  by  predominately  westerly  winds.  According  to 
figures  calculated  from  the  1980  U.S.G.S.  Land  Use  Data  Acquisition  Program 
(LUDA),  there  are  only  approximately  1,600  ha.  (4,000  acres)  of  forested  land 
remaining  in  Champaign  County  (pers.  comm.,  Louis  Iverson,  ecologist,  INHS). 
This  acreage  represents  only  10  %  of  the  presettlement  total  and,  due  primarily  to 
heavy  grazing,  almost  all  of  these  woods  have  been  degraded.  The  best  extant 
examples  of  high  quality  woodlands  in  the  county  are  two  24  ha.  (60  acre)  tracts 
maintained  by  the  University  of  Illinois  (Brownfield  and  Trelease  Woods,  Fig.  1). 

The  soils  in  Champaign  County  are  of  two  main  types;  the  dark,  thick  soils, 
high  in  organic  content  that  formed  under  prairie  and  the  lighter,  thinner  soils, 
with  a  low  organic  content  that  formed  under  forests.  Surface  sand  deposits  are 
rare  and  limited  to  the  alluvium  in  bottomlands.  There  are  no  rock  outcrops  in  the 
county  and  glacial  erratic  boulders  are  rare  and  then  small. 

Ten  publications  have  mentioned  bryophytes  from  Champaign  County.  The 
bryophytes  in  the  county  have  never  been  thoroughly  surveyed,  however,  although 
two  of  the  premier  scientific  institutions  in  the  Midwest  are  located  in  Urbana- 
Champaign  (the  University  of  Illinois  and  the  Illinois  Natural  History  Survey),  and 
several  professional  bryologists  have  lived  in  this  area. 

Prior  to  this  publication,  59  bryophytes  (9  liverworts  and  50  mosses)  had  been 
reported  in  the  literature  from  Champaign  County.  The  first  publication  to  men¬ 
tion  bryophytes  from  Champaign  County  was  by  Hague  (1930),  who  produced  a 
checklist  of  the  Illinois  mosses  that  included  37  species  from  Champaign  County; 
her  1937  checklist  of  Illinois  liverworts  contained  four  taxa  from  the  county 
(Conocephalum  conicum,  Lunularia  cruciata,  Marchantia  polymorpha,  and  Ric- 
cia  lutescens).  Hague  &  Drexler  (1938)  commented  on  recent  collections  of  Illinois 
liverworts  and  listed  five  taxa  from  Champaign  County  (Jamesoniella  autumnalis, 
Lophocolea  heterophylla,  Porella  platyphylla,  Ptilidium  pulcherrimum,  and  Riccia 
sorocarpa).  Paolillo  &  Bazzaz  (1968)  used  a  Champaign  County  collection  of  Funaria 
hygrometrica  to  investigate  photosynthesis  in  the  sporophyte.  Schuster  (1969)  listed 
Jamesoniella  from  the  county;  his  1980  publication  mentions  three  liverworts  from 
the  county  {Lophocolea  cuspidata  f.  alata,  L.  minor,  and  Porella  platyphylla) .  Spes- 
sard  (1972)  listed  one  liverwort  and  24  mosses  reported  in  literature  from  Cham¬ 
paign  County.  McCleary  &  Redfearn  (1979)  presented  a  moss  checklist  for  the  state 
with  47  species  from  Champaign  County.  Burnette  (1981)  included  one  liverwort 
and  14  mosses  based  on  previous  literature  reports.  The  most  recent  publication 
relating  to  the  county  bryoflora  (McKnight,  1985)  lists  two  state  record  mosses 
{Rryum  klinggraeffii  and  Grimmia  plagiopoda). 

MATERIALS  AND  METHODS 

Approximately  500  collections  were  examined  during  this  survey.  Unless  other¬ 
wise  noted,  specimens  cited  are  deposited  in  the  herbarium  of  the  Illinois  Natural 
History  Survey  (ILLS)  and  the  collection  numbers  are  mine.  In  addition,  ten  taxa 
vouchered  from  Champaign  County  populations  (indicated  in  the  checklist)  are  being 
maintained  in  axenic  culture  by  Malcolm  Sargent  at  the  University  of  Illinois  (Acaulon 
muticum,  Amblystegium  humile,  Aphanorrhegma  serratum,  Rrachytheciiim  salebro- 
sum,  Rruchia  flexuosa,  Ephemerum  spinulosum,  Funaria  hygrometrica,  Marchantia 
polymorpha,  Ricciocarpus  natans,  and  Weissia  controversa) . 
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Most  of  the  vouchers  upon  which  previous  reports  were  based  are  housed  in 
the  University  of  Illinois  Herbarium  (ILL),  Urbana.  I  attempted  to  relocate  the  popu¬ 
lations  noted  in  previous  reports  and  collections,  but  the  location  datum  was  often 
either  lacking  or  vague. 

The  annotation  after  each  species  in  the  checklist  for  this  publication  includes 
the  collection  site  and  substrate,  date  of  collection,  collector,  and  location  of  voucher. 
Specific  collection  date  information  is  given  only  for  ephemeral  or  annual  species, 
for  species  which  include  some  discussion  about  sexual  condition,  and  for  species 
with  an  unusual  morphology.  When  more  than  one  collection  has  been  made  from 
a  site,  the  data  from  the  collections  for  the  common  population  are  strung  together 
with  semicolons.  The  frequency  rating  given  after  each  taxon  is  an  empirical  obser¬ 
vation  by  the  author  based  on  five  years  of  field  work  in  Champaign  County.  These 
ratings  pertain  to  the  county  and  not  to  individual  sites. 

Nomenclature  follows  Zander  (1978)  for  Didymodon,  Crum  &  Anderson  (1981) 
or  Crum  (1983)  for  the  remaining  mosses,  and  Stotler  &  Crandall-Stotler  (1977) 
for  the  liverworts,  except  for  some  taxa  that  are  treated  sensu  lato  (s.L).  New  county 
records  are  marked  with  an  asterisk  (*). 

RESULTS  AND  DISCUSSION 

Field  work  during  this  survey  resulted  in  the  discovery  of  107  bryophytes  (12 
liverworts  and  95  mosses).  This  total  includes  63  county  records,  despite  the  fact 
that  most  of  the  taxa  are  ubiquitous  weeds  in  the  Midwest.  Also  included  are  two 
recently  reported  state  record  mosses,  Bryum  klinggraeffii  and  Grimmia  plagiopoda 
(McKnight,  1985). 

Study  of  the  bryophyte  collections  at  ILL  and  ILLS  confirmed  some  previous 
reports,  refuted  others,  and  revealed  two  county  records  (Bryum  pseudotriquetrum 
and  Fabronia  ciliaris)  that  were  not  located  in  the  field  during  this  survey.  I  found 
that  four  of  the  59  previously  reported  bryophytes  (Entodon  brevisetus,  Leskea 
obscura,  Mnium  longirostrum,  and  Pylaisiella  intricata)  were  based  on  misdeter- 
mined  specimens.  The  proper  treatment  for  each  of  these  species  is  discussed  below 
under  the  list  of  previous  reports  not  relocated  in  the  field.  Nine  other  previously 
reported  taxa  were  not  relocated,  although  Champaign  County  is  within  their  known 
range.  The  collection  site  for  two  of  these  species  (Bryum  uliginosum  and  Conocepha- 
lum  conicum)  is  listed  as  Big  Springs,  Mahomet,  Illinois.  None  of  the  elders  around 
Mahomet  know  of  a  Big  Springs,  and  no  additional  reference  was  found  on  maps 
or  in  the  biological  and  geological  literature  for  the  county.  Three  previous  reports 
(Lophocolea  cuspidata  f.  alata,  Porella  platyphylla,  and  Ptilidium  pulcherrimum) 
could  not  be  confirmed  due  to  lack  of  voucher  data  in  the  publications  (Frye  & 
Clark,  1937-1947;  Hague,  1930  &  1937;  Hague  &  Drexler,  1938),  or  because  the 
specimens  were  on  loan  and  unavailable  for  study.  One  previously  reported  liver¬ 
wort  (Lunularia  crueiata),  an  introduced  taxon  found  only  in  greenhouses,  is  not 
considered  part  of  the  Champaign  County  bryoflora. 

Despite  its  relatively  large  size.  Champaign  County  has  fewer  bryophyte  species 
(107)  than  other  Midwestern  counties;  I  estimate  that  Illinois  and  Indiana  average 
150  species  of  bryophytes  per  county.  Several  things  may  account  for  the  limited 
number  of  species  in  Champaign  County.  First,  there  was  probably  a  meager 
bryoflora  in  presettlement  times,  when  >90%  of  the  land  was  covered  by  prairie. 
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There  has  been  very  little  work  on  the  bryophytes  of  prairies,  but  Short  (1845)  stated 
(p.  193)  that  mosses  are  rare  in  the  prairies  of  Illinois  and  Zales  (1971)  noted  that 
bryophytes  do  not  form  a  major  part  of  the  prairie  community.  The  thick  litter  layer 
which  forms  in  mesic  prairies  serves  to  limit  the  number  of  bryophytes  by  reducing 
suitable  habitat.  Furthermore,  most  of  the  terrestrial  bryophytes  would  not  have 
been  able  to  survive  the  frequent  prairie  fires. 

Other  factors  which  may  have  contributed  to  the  small  number  of  bryophyte 
species  found  during  this  study  are  the  radical  changes  in  the  landscape  that  accom¬ 
panied  settlement  and  subsequent  human  activities.  Although  these  activities  have 
adversely  affected  the  prime  bryophyte  habitats  (i.e.,  forests  and  wetlands),  they 
have  also  provided  habitat  heretofore  absent  or  rare  in  the  county.  Two  obvious 
examples  are  rupestral  habitats  and  agricultural  fields.  Eight  taxa  (Desmatodon 
obtusifolius,  Didymodon  fallax,  D.  tophaceus,  Fissidens  obtusifolius,  Grimmia 
apocarpa,  G.  plagiopoda,  G.  rividaris,  and  Tortella  hurnilis)  were  found  only  on 
nonnative  or  manmade  rock  (e.g.,  gravestones,  bridge  abutments,  buildings,  walls). 
Several  other  taxa  were  common  on  introduced  rupestral  substrates  but  were  not 
limited  to  them.  In  contrast,  two  taxa  that  are  typically  rupicolous  (Hedwigia  ciliata 
and  Ptychomitriurn  incurvurn)  were  found  growing  on  bark. 

The  agricultural  fields  which  today  cover  most  of  the  land  surface  in  Champaign 
County  sometimes  support  an  interesting  assemblage  of  bryophytes.  Six  ephemeral 
pygmy  mosses  {Acaulon,  Aphanorrhegma,  Astomum,  Bruchia,  Ephernerum,  and 
Phascurn)  were  abundant  in  unplowed  fields  during  the  mild  winter  and  spring  of 
1983.  All  of  these  taxa,  except  Bruchia  but  including  Pottia,  were  found  in  a  mowed 
field  during  late  fall  1984.  Ephemerals  are  infrequently  collected  but  probably  occur 
in  many  central  Illinois  fields.  Evidently,  severe  winter  weather  limits  the  luxuri¬ 
ance  of  ephemeral  spring  bryophytes. 

As  stated  earlier,  the  natural  wetlands  in  Champaign  County  have  been  essen¬ 
tially  obliterated.  Those  that  remain  have  been  drastically  reduced  and  degraded. 
Solitary  populations  of  two  Drepanocladus  aduncus  varieties  were  located  in  what 
appear  to  be  artifical  wetlands  created  adjacent  to  railways.  The  presettlement  vege¬ 
tation  map  (Eig.  1),  however,  indicates  that  these  populations  are  relicts  in  vestiges 
of  natural  wetlands.  Unfortunately,  one  of  these  sites  (Glover  Marsh)  is  being  rapidly 
destroyed.  Bryophytes  were  totally  absent  from  the  several  small  Acorus  marshes 
surveyed. 

Of  the  107  kinds  of  bryophytes  found,  only  ten  were  abundant  (Brachythecium 
oxycladon,  B.  salebrosum,  Bryum  argenteum,  Entodon  seductrix,  Eurhynchium 
hians,  Leskea  gracilescens,  Mnium  cuspidatum,  Physcomitriurn  pyriforme, 
Platygyrium  repens,  and  Bhynchostegium  serrulatum).  The  totals  for  the  other  fre¬ 
quency  categories  were:  rare  51;  occasional  31;  and  common  15.  Of  the  liverworts 
found  only  Frullania  eboracensis  was  common,  the  rest  were  either  rare  or  occa¬ 
sional.  The  ratio  of  mosses  to  liverworts  is  8:1,  considerably  different  from  the  3:1 
ratio  for  Clark  and  Pope  counties,  Illinois,  and  Fountain  County,  Indiana  (unpub. 
data  of  the  author).  The  absence  of  sandstone  outcroppings  in  Champaign  County 
is  the  prime  reason  for  the  high  moss  to  liverwort  ratio  and  the  disproportionately 
high  number  of  taxa  that  are  rare  in  the  county. 
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ANNOTATED  LIST  OF  BRYOPHYTES  FOUND  DURING  THIS  STUDY 

(New  county  records  are  marked  with  an  *) 

HEPATICAE  —  liverworts  (12) 

*Cephalozia  bicuspidata  (L.)  Dum.,  s.l.  —  On  decaying  log,  Trelease  Woods, 
16  Sep  1984,  4066.  With  an  abundance  of  stolons.  Rare. 

* Cephaloziella  rubella  (Nees)  Warnst.,  s.l.  —  On  soil  in  woods  in  splash  zone 
under  edge  of  roof,  T18N  RlOE  SIO,  1983,  2635,  2645;  1984,  3865.  Rare. 

*Frullania  eboracensis  Gott.  —  On  Quercus,  T18N  RlOE  SIO,  1983,  2622.  On 
Crataegus,  T19N  R9E  S3,  1983,  2593.  On  Fraxinus,  Busey  Woods,  1984,  4001.  On 
Quercus,  Purnell  Woods,  1984,  4373.  On  Fraxinus,  T20N  R7E  S14,  1986,  4853. 
Plants  often  with  stems  devoid  of  leaves  below  apex.  Common. 

*Frullania  inflata  Gott.  —  On  Celtis,  Mt.  Hope  Cemetery,  Champaign,  1984. 
2990.  Rare. 

Jamesoniella  autumnalis  (DC.)  Steph.  —  On  soil  intermixed  with  mosses,  T18N 
RlOE  SIO,  1984,  3864.  Previously  reported  by  Drexler  &  Hague  (1938);  Schuster 
(1969)  verified  the  determination.  Rare. 

Lophocolea  heterophylla  (Schrad.)  Dum.  —  On  decaying  log.  Brownfield 
Woods,  1981,  Moran  1768;  1983,  2725.  On  ground,  intermixed  with  mosses.  T18N 
RlOE  SIO,  1983,  2631,  2634.  On  decaying  log,  Purnell  Woods,  1984,  Helton  62. 
On  decaying  log,  Trelease  Woods,  16  Sep  1984,  4065  (some  of  the  plants  have  gem¬ 
mae).  On  bark  at  base  of  Quercus,  T21N  RYE  S26,  1986,  4866.  On  north-facing 
soil  slope  along  river,  T20N  RYE  S5,  1986,  4876.  Occasional. 

Lophocolea  minor  Nees  —  On  decaying  log,  Trelease  Woods,  1984,  4058,  4064, 
4355.  It  is  difficult  to  distinguish  this  and  the  previous  species  when  both  are  gem- 
miparous.  Previously  reported  by  Schuster  (1969).  Rare. 

Marchantia  polymorpha  L.  —  From  Univ.  Ill.  greenhouse,  194Y,  Scherer  s.n. 
(ILL).  1965,  Jones  41913  (ILL).  Male  plants  on  moist  soil  in  lawn  N  side  Burkwood 
Drive,  Urbana,  1981,  Sargent  354  (axeniccult.  coll.  M.  Sargent).  On  disturbed  soil 
bank  Boneyard  Creek  at  Mathews  Street,  Urbana,  1984,  3985.  The  last  population 
is  probably  an  escape  from  the  north  greenhouse  at  the  Univ.  Ill.  and  all  popula¬ 
tions  apparently  can  be  traced  back  to  material  cultivated  from  feral  populations 
at  Portland  Arch  Nature  Preserve,  Fountain  County,  Indiana,  and  Shades  State  Park, 
Montgomery  County,  Indiana.  Rare. 

*Porella  platyphylloidea  (Schwein.)  Lindb.  —  On  Quercus,  T18N  RlOE  SIO, 
1983,  2643.  On  Aesculus,  Trelease  Woods,  1984,  4347.  On  bark  at  base  of  Juglans, 
T21N  RYE  S26,  1986,  4865.  The  last  specimen  is  intermediate  between  this  species 
and  P.  platyphylla.  Rare. 

*Riccia  beyrichiana  Hampe  ex  Lehm.  —  On  river  bank,  T21N  RYE  S35,  16 
Sep  1984,  4081.  Rare. 

Riccia  sorocarpa  Bisch.  —  On  sandy  soil  in  unplowed  corn  stubble,  T18N  RllW 
S6,  19  Feb  1983,  2580.  Previously  reported  by  Hague  &  Drexler  (1938).  Rare. 

Ricciocarpus  natans  (L.)  Corda  (  =  R.  lutescens  Schwein.)  —  On  mud,  Urbana, 
29  Oct  1898,  GPC  s.n.  (ILL  28169).  Glover  Marsh,  spring  1983,  juvenile  material 
collected  and  cultured  but  not  vouchered;  not  relocated  during  a  subsequent  visit, 
11  May  1984.  On  soil  in  dry  ponds,  Busey  Woods,  5  Sep  1984,  4011;  15  Sep  1981, 
Spencer  s.n.  (axeniccult.  coll.  M.  Sargent).  On  soil  in  depression,  Trelease  Woods, 
16  Sep  1984,  McKnight  (no  voucher  taken);  1  Jan  19Y2,  Cox  s.n.  (ILL).  Occasional. 
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MUSCI  —  mosses  (95) 

*Acaulon  muticum  (Hedw.)  C.M.,  s.l.  —  On  soil  in  unplowed  soybean  field, 
T18N  R9E  S3,  19  Feb  1983,  2584  (also  in  axenic  cult.  coll.  M.  Sargent).  On  soil 
in  mowed  field,  T20N  R7E  SIO,  1  Dec  1984,  4384  (dup.  ver.  H.  Crum,  MICH), 
Helton  66.  Rare. 

Amhlystegium  humile  (P.-Reauv.)  Crumdw.  (=  A.  trichopodium  (Schultz) 
Hartm.)  —  On  soil  in  lawn,  Urbana,  1952,  Jones  19508  (ILL);  2011  E.  Vermont, 
1981,  Sargent  355  (also  in  axenic  cult.  coll.  M.  Sargent).  On  soil,  corner  of  Green 
and  Busey,  Urbana,  1982,  2361.  On  soil  road  bank,  T18N  RlOE  S6,  1983,  2611, 
2612.  On  soil,  corner  of  Cedar  and  High,  Urbana,  1983,  2586.  On  soil  in  thicket, 
T19N  R9E  S3,  1983,  2602.  On  soil  under  Juniper  us,  E  side  Educ.  Bldg.,  Univ.  Ill., 
1985,  4575.  Common. 

Amhlystegium  riparium  (Hedw.)  BSC  —  1947,  Winterringer  s.n.  (ILL).  On 
soil  and  decaying  log  in  woodland  between  Dewey  and  Fisher,  1952,  Ahles  s.n. 
(ILL).  On  decaying  log.  Brownfield  Woods,  1975,  Spencer  s.n.  (ILL).  Attached 
to  branch  in  stream,  T19N  R9E  S2,  1983,  2606.  Attached  to  concrete  in  running 
water,  T18N  RlOE  S6,  1983,  2648  (dup.  ver.  H.  Crum,  MICH).  At  base  of  Fraxinus 
marking  high  water  level  in  dry  pond  and  parasitized  by  fungus  (Eocronartium  mus- 
cicola)  on  decaying  log,  Busey  Woods,  5  Sep  1984,  4003,  4012.  On  decaying  wood 
in  railroad  ditch  (Glover  Marsh),  1984,  3814.  On  decaying  stump  along  river,  T20N 
R7E  SIO,  1984,  4030.  Common. 

Amhlystegium  serpens  (L.)  BSC,  s.l.  —  Urbana,  1886,  MBW s.n.  (ILL  31029). 
On  bark  of  fallen  tree  in  woods  NE  of  Urbana,  1942,  Evers  917.  On  shaded  soil 
and  decaying  wood,  Urbana,  1942,  MEM  s.n.  On  foundation  stone  N  side  of  Altgeld 
Hall,  Univ.  Ill.,  1952,  Stern  s.n.  (ILL).  On  soil  by  Auditorium,  Univ.  Ill.,  1981, 
Moran  s.n.  On  Aesculus,  Trelease  Woods,  1984,  4346.  On  soil,  Purnell  Woods,  1984, 
Helton  8.  Occasional. 

*  Amhlystegium  tenax  (Hedw.)  C.  Jens.,  s.l.  —  On  decaying  wood  along  stream, 
Mahomet,  1946,  Jones  s.n.  (ILL).  On  concrete  at  edge  of  stream,  T19N  RlOE  S36, 

1983,  2618.  In  stream,  T18N  R8E  SI,  1983,  Hoffman  s.n.  On  concrete  culvert  at 
water  level,  T18N  RlOE  S6,  1983,  2649,  2650.  In  calcareous  seep  forming  tufa, 
T20N  R7E  S5,  1986,  4878.  Common. 

Amhlystegium  varium  (Hedw.)  Lindb.  —  Mahomet,  1884,  MBW  s.n.  (ILL 
31032.5).  Urbana,  1890,  Craigs. n.  (ILL  31041).  Busey  Woods,  1947,  Winterringer 
s.n.  (ILL).  On  decaying  log  in  woods  along  Sangamon  River  N  of  Mahomet,  1953, 
Evers  38081.  On  bark.  Brownfield  Woods,  1975,  Spencer  s.n.  (ILL);  on  discarded 
leather,  1975,  Spencer  s.n.  (ILL);  on  decaying  log,  1983,  2731;  on  Quercus,  1984, 
3879;  on  soil-covered  drainage  tile,  1984,  4367.  On  concrete  railroad  trestle,  T18N 
RlOE  S15,  1983,  2627.  On  stump  along  stream,  T19N  R9E  S2,  1983,  2712.  Common. 

Anomodon  attenuatus  (Hedw.)  Hiib.  —  Urbana,  1878,  TJB  s.n.  (ILL  31087). 
Brownfield  Woods,  1947,  Winterringer  s.n.  (ILL);  1975,  Spencer  s.n.  (ILL);  on 
soil  at  base  of  Acer,  1981,  Moran  1772.  On  stream  bank,  T18N  RllE  S6,  1983, 
2621.  At  base  of  Quercus,  Purnell  Woods,  1984,  Helton  23.  Common. 

Anomodon  minor  (Hedw.)  Furnr.  —  Urbana,  1878,  TJB  s.n.  (ILL  31070, 
31088).  On  Quercus  on  river  bank,  T18N  RlOE  SIO,  1983,  2630,  2639.  On  soil- 
covered  log  on  river  bank,  T20N  R7E  SIO,  4026.  On  decaying  log,  Trelease  Woods, 

1984,  4350.  On  Quercus,  Purnell  Woods,  1984,  4379;  on  decaying  stump,  Helton 
25.  Occasional. 
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Anomodon  rostratus  (Hedw.)  Schimp.  —  Urbana,  1880,  Seymour  s.n.  (ILL 
12600).  On  tree  base,  Brownfield  Woods,  1981,  Moran  1773.  Base  of  Quercus,  Pur¬ 
nell  Woods,  1984,  4380.  Occasional. 

* Aphanorrhegma  serratum  (W.J.  Hook.  &  Wils.  ex  Drumm.)  Sull.  —  On  soil. 
Brownfield  Woods,  21  Oct  1981,  Moran  1770.  Busey  Woods,  15  Sep  1981,  Spencer 
s.n.  (axenic  cult.  coll.  M.  Sargent).  On  soil  in  unplowed  soybean  field,  T18N  R9E 
S3,  19  Feb  1983,  2582.  On  river  bank,  T21N  RYE  S35,  8  Sep  1984,  4034.  On  river 
bank,  T18N  RllE  S6,  22  Sep  1984,  4093.  Frequent  on  soil  in  floodplain  along 
Sangamon  River  (T20N  RYE  S5)  during  fall  1984,  no  voucher  taken.  Occasional. 

*Astomum  muhlenbergianum  (Sw.)  Grout  —  On  soil  in  unplowed  soybean  field, 
T18N  R9E  S3,  19  Feb  1983,  Rushing  s.n.  (pers.  coll.  A.  Rushing).  On  clayey  road 
bank,  T20N  RYE  S36,  9  Dec  1984,  4404  (dup.  ver.  H.  Crum,  MICH).  Rare. 

Atrichum  angustatum  (Brid.)  BSC  —  Woods,  Urbana,  18Y8,  TJB  s.n.  (ILL 
310Y6);  18Y9,  Seymour  s.n.  (ILL  12602);  18Y9,  Woodworth  s.n.  (ILL  12606). 
Woods,  Mahomet,  1884,  S  8c  M  s.n.  (ILL  12605);  1898,  Bot.  Class  (ILL  281Y3); 
1898,  Bot.  Class  (ILL  281Y9).  In  moist  woods  NE  of  Urbana,  1942,  Evers  912.  In 
woods  on  mounds  of  sandy  or  clayey  soil,  1942,  MEM  &  Jones  s.n.  On  soil  slope, 
T18N  RllE  S6,  1983,  2624.  On  decaying  log,  Trelease  Woods,  1984,  4359. 
Common. 

Atrichum  undulatum  (Hedw.)  P.-Beauv.,  s.l.  —  Urbana,  1883,  Seymour  s.n. 
(ILL  1260Y).  On  soil.  Brownfield  Woods,  19Y5,  Spencer  s.n.  (ILL);  1983,  2596, 
2721.  On  soil  on  thicketed  slope,  T19N  R9E  S3,  1983,  2603.  On  soil  of  stream  bank, 
Purnell  Woods,  1984,  4382.  On  soil  in  woods,  T20N  RYE  S14,  1986,  4850. 
Occasional. 

Aulacomnium  heterostichum  (Hedw.)  BSC  —  On  soil,  Urbana,  1886,  Earle 
s.n.  (ILL);  the  presence  of  Fagus  scales  in  this  collection  makes  me  suspicion  the 
accuracy  of  the  collection  site  since  the  nearest  known  native  population  for  Fagus 
is  more  than  33  km  (20  miles)  east  of  Urbana.  On  soil,  north-facing  slope  along 
Sangamon  River,  T21N  RYE  S5,  1986,  4873.  Rare. 

Barbula  unguiculata  Hedw.  —  On  moist  soil  bank  NE  of  Urbana,  1942,  Evers 
915.  1942,  McWilliams  s.n.  (ILL).  On  stream  bank,  T19N  R9E  S2,  1983,  2709. 
On  soil,  N  side  of  Morrill  Hall,  Univ.  Ill.,  1983,  2566.  Common. 

Bartramia  pomiformis  Hedw.  —  Reported  by  Hague  (1930)  and  McCleary  & 
Redfearn  (19Y9),  but  ILL  specimens  on  loan  and  unavailable  for  examination  and 
no  specimens  at  ILLS.  On  soil,  north-facing  slope  along  Sangamon  River,  T21N 
RYE  S5,  1986,  4871.  Rare. 

Brachythecium  acuminatum  (Hedw.)  Aust.  —  Urbana,  18Y8,  TJB  s.n.  (ILL 
310Y3,  31084).  Brownfield  Woods,  19Y5,  Spencer  s.n.  (ILL);  on  decaying  log,  1983, 
2716.  On  decaying  log.  Hart  Woods,  1984,  3859.  On  bark  at  base  of  Celtis,  Wood- 
lawn  Cemetery,  Urbana,  1984,  3996.  On  Quercus  burl,  Trelease  Woods,  1984,  4364. 
On  bark  at  base  of  dead  Quercus.  Purnell  Woods,  1984,  4378.  On  shaded  concrete 
tombstone.  Riverside  Cemetery,  Mahomet,  1984,  4024.  Common. 

Brachythecium  oxycladon  (Brid.)  Jaeg.  &  Sauerb.  —  On  soil  NE  of  Urbana, 
1942,  Evers  911.  On  decaying  log.  Brownfield  Woods,  19Y5,  Spencer  s.n.  (ILL); 
on  soil,  1984,  4394  (dup.  det.  H.  Crum,  MICH).  On  river  bank,  T19N  R9E  S2, 
1983,  2711.  On  river  bank,  T18N  RlOE  SIO,  1984,  3867.  On  shaded  soil  road  bank, 
T22N  R14W  S5,  1984,  3961.  On  slope,  T18N  RllE  S6,  1984,  4096.  On  soil-covered 
boulder  on  wooded  slope,  T21N  RYE  S35,  1984,  4080.  On  soil  in  woods,  T20N  RYE 
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S14,  1986,  4845,  4848.  All  material  that  keys  to  B.  digastrum  is  included  here. 
Abundant. 

* Brachythecium  rutabulum  BSG  —  On  decaying  log,  Trelease  Woods,  1984, 
4054.  Rare. 

Brachythecium  salebrosum  (Web.  &  Mohr)  BSG  —  On  stone,  N  side  Altgeld 
Hall,  Univ.  111.  [intermixed  with  Amblystegium  serpens],  1952,  Stern  s.n.  (ILL). 
On  decaying  log.  Brownfield  Woods,  1975,  Spencer  s.n.  (ILL).  Busey  Woods,  1977, 
Lee  61  (axenic  cult.  coll.  M.  Sargent).  On  soil  by  Gregory  Hall,  Univ.  111.,  1981, 
Moran  s.n.  On  soil  3  km  NE  of  Sidney,  1983,  2696.  On  shaded  soil  in  lawn,  corner 
Gedar  and  High,  Urbana,  1983,  2563.  Abundant. 

Brothera  leana  (Sull.)  G.M.  —  On  decaying  logs,  Trelease  Woods,  1984,  4357. 
Grum  &  Anderson  (1981)  note  that  this  species  is  rare  in  eastern  North  America. 
McGleary  &  Redfearn  (1979)  list  it  from  only  nine  Illinois  counties,  including 
Ghampaign.  Rare. 

* Brotherella  tenuirostris  (Bruch  &  Schimp.  ex  Sull.)  FI.  —  On  decaying  log. 
Brownfield  Woods,  1984,  3880.  On  decaying  log,  Trelease  Woods,  1984,  4362.  Rare. 

* Bruchia  flexuosa  (Schwaegr.)  G.M.  —  On  soil  in  unplowed  soybean  field,  T18N 
R9E  S3,  19  Feb  1983,  2583  (also  in  axenic  cult.  coll.  M.  Sargent),  Rushing  s.n.  (pers. 
coll.  A.  Rushing).  On  soil  in  one-year-old  field  abandonment  plot  at  Phillips  Tract, 
T19N  R9E  S2,  15  Apr  1985,  4470.  Associate  species  at  both  sites  were  Acaulon,  Phys- 
comitrium,  and  Pleuridium.  Rare. 

*Bryhnia  graminicolor  (Brid.)  Grout  —  On  wooded  soil  bank,  T18N  RlOE  SI, 
1983,  2701.  On  wooded  slope,  T20N  R7E  S15,  1984,  4041.  Occasional. 

* Bryohaplocladium  microphyllum  (Hedw.)  Wat.  &  Iwats.  —  On  bark,  Urbana 
[intermixed  with  Entodon  cladorrhizans],  1886,  Earle  s.n.  (ILL  31044).  Brownfield 
Woods,  1934,  Boewe  s.n.;  on  decaying  log,  1983  ,  2726,  2729.  On  decaying  log, 
Trelease  Woods,  1984,  4063,  4353.  On  Salix  in  floodplain,  T20N  R7E  SIO,  1984, 
4389,  Helton  69.  Occasional. 

Bryohaplocladium  virginianum  (Brid.)  Wat.  &  Iwats.  —  On  soil  in  fence  row. 
Brownfield  Woods,  1984,  4398.  This  species  was  reported  from  Ghampaign  Gounty 
by  McGleary  &  Redfearn  (1979),  but  a  specimen  at  ILLS  collected  by  Boewe  and 
identified  by  Redfearn  is  misdetermined  as  B.  microphyllum.  Rare. 

Bryum  argenteum  Hedw.  —  On  coal  ashes,  Urbana,  1886,  Ayers  s.n.  (ILL 
31046).  Along  railroad,  E  of  Urbana,  1951,  Ahles  4733  (ILL).  On  soil  in  sidewalk 
crevices,  Urbana,  1956,  Jones  21681  (ILL).  On  Fraxinus,  E  side  Hart  Woods,  1976, 
Spencer  s.n.  (ILL).  On  soil  by  Undergrad.  Libr.,  Univ.  Ill.,  1981,  Moran  s.n.  On 
sand  at  abandoned  quarry,  T20N  R7E  S29,  1984,  3862.  Forming  small  cushions 
on  exposed  old  concrete  railroad  trestle,  T18N  RlOE  S15,  1984,  4087.  On  asphalt 
roof,  Purnell  Woods,  1984,  Helton  33.  Abundant. 

*  Bryum  bicolor  Dicks.  —  On  sandy  soil  in  unplowed  corn  stubble,  T18N  RllE 
S6,  5  Mar  1983,  2700  (dup.  det.  J.  Shaw,  DUKE).  Rare. 

*  Bryum  caespiticium  Hedw.  —  On  soil  along  railroad,  Ghampaign,  1952,  Ahles 
s.n.  (ILL).  On  sandy  soil  in  unplowed  corn  stubble  along  creek,  T19N  RllE  S6, 
1983,  2579.  On  sand  at  abandoned  quarry,  T20N  R7E  S29,  1984,  4050.  On  soil- 
covered  concrete,  T21N  R7E  S12,  1984,  4053.  Gommon. 

*  Bryum  creberrimum  Tayl.  —  In  crevices  of  concrete  railroad  trestle,  T18N 
RlOE  S15,  1983,  2628.  On  soil  in  clearing,  Busey  Woods,  1984,  4010.  On  old  con¬ 
crete  railroad  trestle,  T18N  RlOE  S15,  1984,  4086.  Occasional. 
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Bryum  klinggraeffii  Schimp.  ex  Klinggr.  —  On  soil-covered  bridge  planks,  T22N 
RllE  SI,  25  Aug  1984,  3956  (dup.  det.  J.  Shaw,  DUKE).  The  rhizoids  bore  numer¬ 
ous  crimson  tubers.  This  species  was  recently  reported  from  this  site  as  a  state  rec¬ 
ord  (McKnight,  1985).  Rare. 

Callicladium  haldanianum  (Grev.)  Crum  —  On  decaying  log.  Brownfield 
Woods,  1975,  Spencer  s.n.  (ILL);  1984,  3877.  On  decaying  log,  Trelease  Woods, 
1984,  4068,  4360.  On  decaying  log,  T21N  RYE  S26,  1986,  4868.  Occasional. 

Campylium  chrysophyllum  (Brid.)  J.  Lange  —  On  soil,  Busey  Woods,  1947, 
Winterringer  s.n.  (ILL);  on  moist  crumbling  concrete,  Busey  Woods,  1984,  4005. 
At  base  of  Crataegus,  T19N  R9E  S3,  1983,  2597.  On  clayey  road  bank,  T21N  RYE 
S6,  1984,  3861,  4033.  On  soil,  Harvey  Cemetery,  Urbana,  1984,  4013.  On  wooded 
slope,  T21N  RYE  S35,  1984,  4079.  On  disturbed  soil  slope,  T21N  RYE  S26,  1986, 
4869.  Common. 

Campylium  hispidulum  (Brid.)  Mitt.  —  [On  Tsuga  and  Picea  needles]  Urbana, 
1886,  MBW s.n.  (ILL  31037).  On  shaded  old  concrete  railroad  trestle,  T18N  RlOE 
S15,  1984,  4089.  Occasional. 

Ceratodon  purpureus  (Hedw.)  Brid.  —  On  decaying  log  in  woods  NE  of  Urbana, 
1942,  Evers  921.  Univ.  Ill.  golf  course,  Urbana,  1952,  Jones  19543  (ILL).  On  soil 
around  greenhouse,  Univ.  Ill.,  1982,  Moran  2130.  On  decaying  cedar  shingles,  T18N 
RlOE  S9,  1983,  2647.  On  soil,  T18N  RlOE  SI,  1983,  2620.  On  Malus  branch,  T19N 
R9E  S3,  1983,  2604.  On  soil  in  clearing,  Busey  Woods,  1984,  4008.  On  soil.  Brown¬ 
field  Woods,  1984,  4396.  On  asphalt  roof,  Purnell  Woods,  1984,  Helton  53. 
Common. 

*Desmatodon  obtusifolius  (Schwaegr.)  Schimp.  —  On  old  shaded  limestone 
bridge  abutment,  T19N  RlOE  S27,  1983,  2613.  On  old  shaded  limestone  bridge 
abutment,  T18N  RlOE  S4,  1983,  2646.  On  shaded  concrete  tombstone,  T20N  RYE 
S15,  1984,  4023  (dup.  ver.  R.  Zander,  BUF).  Occasional. 

Dicranella  heteromalla  (Hedw.)  Schimp.  —  On  shaded  sandy  bank,  Urbana, 
1942,  Jones  s.n.  On  soil  along  roadside  NE  of  Urbana,  1942,  Evers  914.  On  soil 
slope,  T18N  RllE  S6,  1983,  2625.  Common. 

*Dicranella  varia  (Hedw.)  Schimp.  —  On  barren  clayey  slope,  T18N  RllE  S6, 
1984,  4091.  On  river  bank,  T20N  RYE  S35,  1984,  4402.  On  disturbed  soil  slope, 
T20N  RYE  S14,  1986,  4863.  Occasional. 

*Dicranum  scoparium  Hedw.  —  On  soil  in  woods,  T18N  RlOE  SIO,  1983,  2632, 
2642a.  This  population  was  found  in  one  of  the  most  bryophyte-rich  areas  in  the 
county;  an  upland  woods  immediately  northeast  of  Sidney  on  the  north  side  of  the 
Salt  Fork.  Associate  species  included  Jamesoniella  autumnalis,  Leucohryum  glau- 
cum.  Polytrichum  juniperinum,  and  P.  ohioense.  This  site  represents  the  only  known 
location  for  these  extra  taxa  in  the  county.  Rare. 

* Didymodon  fallax  (Brid.)  Zander  var.  fallax  —  On  concrete  bridge  abutment, 
T19N  RlOE  S27,  1983,  2615  (dup.  det.  R.  Zander,  BUF).  Rare. 

*  Didymodon  tophaceus  (Brid.)  Lisa  —  In  seepage  cracks  of  old  concrete  rail¬ 
road  trestle,  T18N  RlOE  S15,  1984,  4088  (dup.  det.  R.  Zander,  BUF).  Rare. 

Ditrichum  pallidum  (Hedw.)  Hampe  —  On  soil  in  woods,  T18N  RlOE  SIO, 
1983,  2638.  On  soil,  Purnell  Woods,  1984,  Helton  64.  On  soil  in  woods,  T20N  RYE 
Sll,  1986,  4859.  Occasional. 

* Drepanocladus  aduncus  (Hedw.)  Warnst.  var.  aduncus  —  Forming  thick  mats 
intermixed  with  Typha  in  railroad  marsh,  T21N  R9E  S3,  1984,  3955.  Rare. 
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Drepanocladus  adiincus  (Hedw.)  Warnst.  var.  kneiffii  (BSG)  Monk.  —  Glover 
Marsh,  1952,  Ahless.n.  (ILL);  among  Typha  and  free-floating,  1984,  3815,  3817. 
Rare. 

Entodon  cladorrhizans  (Hedw.)  G.M.  —  Urbana,  1886,  Earle  s.n.  (ILL  31062). 
1890,  Craig  s.n.  (ILL  31063).  On  log,  Purnell  Woods,  1984,  4377.  Rare. 

Entodon  compressus  G.M.  —  On  bark  at  base  of  Quercus  on  river  bank,  T20N 
R7E  S15,  1984,  4042  (dup.  ver.  H.  Grum,  MICH).  On  decaying  log,  Trelease  Woods, 
1984,  4059  (dup.  ver.  H.  Crum,  MICH).  On  bark  of  Ac^r  in  wet  cavity,  Mt.  Hope 
Cemetery,  Champaign,  1985,  4829.  Occasional. 

Entodon  seductrix  (Hedw.)  C.M.  —  Urbana,  1877,  TJBs.n.  (ILL  31086).  1878, 
TJBs.n.  (ILL  31071,  31074,  31080,31081,31091).  1885,  MBW s.n.  (ILL  31035). 
Mahomet,  1887,  TJBs.n.  (ILL  31052).  1890,  Craigs. n.  (ILL  31060).  1898,  Gibbs 
s.n.  (ILL  28175);  Clinton  &  Gibbs  s.n.  (ILL  28166);  Bot.  Class  (ILL  28178).  On 
soil  near  Urbana,  1898,  GPC  s.n.  (ILL  28170).  On  decaying  log  near  Urbana,  1942, 
Jones  15570  (ILL).  Base  of  tree,  woods  near  St.  Joseph,  1948,  Jones  18843  (ILL). 
On  fallen  tree  in  river  bottom  near  Penfield,  1952,  Ahles  s.n.  (ILL).  Brownfield 
Woods,  1947,  Winter  ringer  s.n.  (ILL);  1975,  Spencer  s.n.  (ILL);  on  decorticated 
log,  1983,  2717;  1984,  3878;  on  soil  in  fence  row,  1984,  4399.  On  Acer,  corner  Busey 
and  Green,  Urbana,  1983,  Moran  s.n.  On  decorticated  log,  Busey  Woods,  1984, 
4008.  On  asphalt  roof,  Purnell  Woods,  1984,  Helton  3.  On  decaying  log,  Sangamon 
floodplain,  T20N  R7E  S14,  1986,  4855,  4860;  at  base  of  Quercus  in  upland  woods, 
4847.  Abundant. 

* Ephemerum  spinulosum  Schimp.  —  On  soil  in  unplowed  soybean  field,  T18N 
R9E  SIO,  25  Feb  1983,  2585,  2591  (also  in  axenic  cult.  coll.  M.  Sargent)  dup.  ver. 
H.  Crum  (MICH).  On  soil  in  unplowed  corn  stubble,  2  km  SE  of  St.  Joseph,  19 
Feb  1983,  25  78.  On  shaded  soil  in  lawn,  T20N  R7E  S15,  8  Sep  1984,  4044.  The 
ground  at  the  first  mentioned  site  was  covered  with  this  pygmy  in  1983  but  was 
totally  devoid  of  bryophytes  during  winter  and  spring  of  1984  and  1986.  The  1983 
winter  was  one  of  the  warmest  on  record  with  very  little  snow,  whereas  the  1984 
winter  was  very  cold  with  heavy  snow.  Occasional. 

*Eurhynchium  hians  (Hedw.)  Sande-Lac.  —  On  soil.  Brownfield  Woods,  1975, 
Spencer  s.n.  (ILL);  1981,  Moran  1778.  On  soil  on  thicketed  slope,  T19N  R9E  S3, 
1983,  2599.  On  shaded  soil  in  lawn,  corner  Cedar  and  High,  Urbana,  1983,  2562. 
On  soil  in  thicket,  Busey  Woods,  1985,  4832.  On  soil,  Purnell  Woods,  1984,  Helton 
60.  On  soil  at  edge  of  cultivated  field,  T18N  RllE  S6,  1986,  Bohrer  (pers.  coll. 
J.  Rohrer).  Abundant. 

* Eurhynchium  pulchellum  (Hedw.)  Jenn.  —  On  soil  mound.  Brownfield 
Woods,  1984,  4397.  On  soil  in  woods,  T20N  R7E  S14,  1986,  4845.  Occasional. 

*Fissidens  bryoides  Hedw.  —  On  soil  road  bank,  T19N  R9E  S4,  1983,  2608. 
On  decaying  stump  and  old  concrete  on  river  bank,  T20N  R7E  SIO,  1984,  4027, 
4031.  Base  of  Fraxinus  in  calcareous  hillside  seep,  T21N  R7E  S35,  1984,  4076. 
Occasional. 

*Fissidens  Jontanus  (B.-Pyl.)  Steud.  —  On  concrete  and  branches  in  stream. 
T19N  RlOE  S36,  1983,  2619.  Population  revisited  in  March  1986.  Rare. 

*Fissidens  obtusifolius  Wils.  —  On  shaded  limestone  bridge  abutment,  T19N 
RlOE  S27,  1983,  2701.  Rare. 

Fissidens  taxijolius  Hedw.  —  On  soil.  Brownfield  Woods,  1940,  Jones  12657 
(ILL);  1941,  Jones  14921  (ILL);  1942,  Evers  922;  1951,  Jones  s.n.  (ILL);  1981, 
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Moran  1769;  1983,  2598;  1984,  3881.  On  soil,  Busey  Woods,  1947,  Winterringer 
s.n.  (ILL).  On  soil  1.6  km  E  of  Urbana,  1947,  Scherer  s.n.  (ILL).  On  soil.  Hart 
Woods,  1975,  Spencer  s.n.  (ILL).  In  calcareous  hillside  seep,  T21N  R7E  S35,  1984, 
4074.  On  soil  slope  along  Sangamon  River,  T20N  R7E  S5,  1986,  4872.  Occasional. 

Funaria  hygrometrica  Hedw.  —  On  soil,  Urbana,  1877,  TJBs.n.  (ILL  12648). 
On  soil  along  roadside  NE  of  Urbana,  1942,  Evers  916.  Busey  Woods,  1980,  Sar¬ 
gent  s.n.  (axenic  cult.  coll.  M.  Sargent).  On  bank  of  Boneyard  Creek  at  Mathews 
Street,  Urbana,  1983,  2588.  On  sand  at  abandoned  quarry,  T20N  R7E  S29,  1984, 
4051.  Common. 

*Grimmia  apocarpa  Hedw.  var.  apocarpa  —  On  concrete  culvert,  T19N  BlOE 
S36,  1983,  2616.  Rare. 

Grimmia  plagiopoda  Hedw.  —  On  old  shaded  limestone  bridge  abutment,  T19N 
RlOE  S27,  1983,  2614.  On  N  and  W  sides  of  old  concrete  tombstone  base  in  Mt. 
Hope  Cemetery,  Urbana,  1984,  3991.  On  old  concrete  tombstone  in  Riverside  Cem¬ 
etery,  Mahomet,  1984,  4021.  Dups.  ver.  H.  Crum  (MICH).  A  survey  of  most 
cemeteries  and  bridge  abutments  in  the  county  failed  to  reveal  any  other  popula¬ 
tions.  Crum  &  Anderson  (1981)  note  that  this  species  is  rare  in  eastern  North  America. 
It  was  recently  reported  from  Champaign  County  as  a  state  record  (McKnight,  1985). 
Rare. 

*  Grimmia  rivularis  Brid.  var.  rivularis  —  On  old  concrete,  near  Mahomet,  1952, 
Ahles  s.n.  (ILL).  On  limestone  tombstone  in  Mt.  Hope  Cemetery,  Sidney,  1983, 
2581.  On  mortar  of  stone  wall,  T20N  R7E  S31,  1984,  4045b.  Occasional. 

* Haplohymenium  triste  (Ces.  ex  De  Not.)  Sull.  —  On  Quercus,  T18N  RlOE 
SIO,  1983,  2644.  On  Fraxinus,  Trelease  Woods,  1984,  4348.  Rare. 

* Hedwigia  ciliata  (Hedw.)  P.-Beauv.  —  On  Celtis,  corner  California  and 
Mathews,  Urbana,  1983,  2564.  Scattered  small  patches  on  stone  wall,  T20N  R7E 
S31,  1984,  4046.  On  asphalt  roof,  Purnell  Woods,  1984,  4372,  Helton  29.  On  asphalt, 
abandoned  road,  T21N  R7E  S5,  1986,  4870.  The  discovery  of  this  species  on  bark 
and  on  asphalt  is  noteworthy.  Occasional. 

* Homomallium  adnatum  (Hedw.)  Broth.  —  On  old  concrete,  wooded  N  bank 
of  Saline  Branch  Drainage  Ditch,  East  Lawn  Cemetery,  Urbana,  1984,  4015.  Rare. 

Hypnum  curvifolium  Hedw.  —  Urbana,  1878,  Britton  s.n.  (ILL  31075).  On 
decaying  log.  Brownfield  Woods,  1983,  2728  (dup.  ver.  H.  Crum.  MICH).  On 
shaded  soil  road  bank,  T22N  R14W  S5,  1984,  3960.  Rare. 

*  Hypnum  lindbergii  Mitt.  —  On  decaying  wood  on  trail,  Busey  Woods,  1984, 
4006.  On  soil  in  mowed  field,  T20N  R7E  SIO,  1984,  4037,  4370.  On  soil  on  bank 
of  Sangamon  River,  T20N  R7E  S15,  1984,  4032.  Occasional. 

*  Isopterygium  tenerum  (Sw.)  Mitt.  —  On  decaying  log.  Brownfield  Woods, 
1975,  Spencer  s.n.  (ILL);  1984,  4366.  On  decaying  log,  Trelease  Woods,  1984,  4061, 
4342,  4356.  Occasional. 

Leptobryum  pyriforme  (Hedw.)  Wils.  —  On  heavily  disturbed  soil  bank.  Bone- 
yard  Creek  at  Mathews  Street,  Urbana,  1  Sep  1984,  3986.  Probably  escaped  from 
Univ.  Ill.  greenhouse.  Rare. 

Leskea  gracilescens  Hedw.  —  1878,  TJB  s.n.  (ILL  31066).  1880,  Seymour  & 
Burrill  s.n.  (ILL  31049).  1884,  MBW  s.n.  (ILL  30130).  1886,  S  &  W  s.n.  (ILL 
31048).  On  concrete  wall,  Urbana,  1952,  Ahles  s.n.  (ILL).  On  Ulmus  near  Homer 
along  Salt  Fork,  1952,  Ahles  s.n.  (ILL).  On  tree  in  river  bottoms  near  Penfield, 
1952,  Ahles  s.n.  (ILL).  1957,  Jones  21258  (ILL).  On  bark.  Brownfield  Woods,  1971, 
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Schmidt  s.n.  (ILL).  On  Quercus,  T18N  RUE  S6,  1983,  2623.  On  Crataegus  at  edge 
of  woods,  T19N  R9E  S3,  1983,  2600.  On  Ulmus,  E  side  INKS,  Urbana,  1984,  3965. 
On  decaying  log  on  river  bank,  T22N  R14W  S6,  1984,  3957.  Wooded  stream  bank 
on  Fraxinus,  T19N  R9E  S9,  1984,  4014.  On  Quercus,  Purnell  Woods,  1984,  4381; 
on  asphalt  roof,  Helton  30.  On  Celtis  along  road,  T18N  RllE  S30,  1985,  4721.  On 
bark  at  base  of  Quercus,  T20N  R7E  S14,  1986,  4846;  on  Quercus  burl,  4852.  See 
Leskea  obscura  below  for  additional  comments.  Abundant. 

* Leucobryum  glaucum  (Hedw.)  Schimp.  —  On  soil  in  woods,  T18N  RlOE  SIO, 
1983,  2633.  Rare. 

Mniurn  affine  Bland,  ex  Funck,  s.l.  —  On  soil,  Trelease  Woods,  1984,  4056. 
On  clayey  river  bank,  T18N  RllE  S6,  1984,  4092,  4097.  Occasional. 

Mniurn  cuspidatum  Hedw.  —  1884,  Seymour  s.n.  (ILL  12672).  Urbana,  1890, 
Craig  s.n.  (ILL  31063).  Univ.  Ill.  Forest,  Urbana,  1895,  GPC  s.n.  (ILL  11727). 
Woods,  Urbana,  1898,  Clinton  &  Gibbs  s.n.  (ILL  28167).  On  soil,  Mahomet,  1898, 
GPC  s.n.  (ILL  28177).  On  soil  near  Urbana,  1942,  lones  15252  (ILL).  W  side  Nat. 
Hist.  Bldg.,  Univ.  Ill.,  1956,  Jones  19171  (ILL).  Brownfield  Woods,  1947,  Winter- 
ringer  s.n.  (ILL);  1975,  Spencer  s.n.  (ILL);  on  decaying  log,  1981,  Moran  1771; 

1983,  2720.  On  soil,  Purnell  Woods,  1984,  Helton  52.  On  thicketed  slope,  T19N 
R9E  S3,  1983,  2601.  On  soil,  T18  RllE  S6,  1986,  4886.  Also  intermixed  in  collec¬ 
tions  of  numerous  other  taxa.  Abundant. 

*  Mniurn  marginatum  (With.)  Brid.  —  In  calcareous  hillside  seep,  T21N  R7E 
S35,  1984,  4077.  Rare. 

*  Orthotrichum  pumilum  Hedw.  —  On  Celtis  stump  along  road,  T18N  RlOE 
S2,  1983,  2626.  On  Ulmus,  E  side  INHS,  Urbana,  1984,  3964  (dup.  ver.  H.  Crum, 
MICH).  On  N  wall  of  concrete  tomb,  Mt.  Hope  Cemetery,  Urbana,  1984,  3993. 
On  Ulmus,  Woodlawn  Cemetery,  Urbana  1984,  3994.  On  Ulmus,  East  Lawn  Cem¬ 
etery,  Urbana,  1984,  4017b.  On  old  concrete  wall,  corner  Birch  and  Green,  Urbana, 

1984,  4100.  On  asphalt  roof,  Purnell  Woods,  1984,  4371.  On  tombstone,  T20N  R7E 
S15,  1984,  4020.  On  Celtis  along  road,  T18N  RllE  S30,  1985  ,  4720.  On  Ulmus, 
T21N  R7E  S26,  1986,  4864.  Common. 

*  Orthotrichum  pusillum  Mitt.  —  On  Ac^r,  corner  Illinois  and  Cedar,  Urbana, 
1982, 1605a.  On  limestone  bridge  abutment,  T19N  RlOE  S27,  1983,  2913.  On  Ulmus 
along  road,  T20N  R7E  SIO,  1984,  4883.  Occasional. 

*Phascum  cuspidatum  Hedw.  —  On  soil,  corner  Main  and  Poplar,  Urbana, 
20  Feb  1983,  2587.  On  soil  road  bank,  T18N  R9E  S4,  27  Feb  1983,  2609.  On  soil 
in  mowed  field,  T20N  R7E  SIO,  1  Dec  1984,  4386.  Occasional. 

Physcomitrium  pyriforme  (Hedw.)  Hampe  —  On  soil,  Univ.  Ill.  campus,  spring 
1934,  Boewe  s.n.  On  soil  NE  of  Urbana,  17  Jun  1942,  Evers  910.  On  soil.  Cham¬ 
paign,  19  May  1952,  Ahles  s.n.  (ILL).  On  soil.  Brownfield  Woods,  12  Jul  1975, 
Spencer  s.n.  (ILL).  On  soil  in  parking  lot,  N  side  of  INHS,  Champaign,  10  Jan  1983, 
2544.  See  Pottia  truncate  below  for  further  comments.  Abundant. 

* Plagiothecium  cavifolium  (Brid.)  Iwats.  —  On  wooded  slope,  T20N  R7E  S15, 
1984,  4039,  4043.  Rare. 

*  Plagiothecium  denticulatum  (Hedw.)  BSC  —  On  decaying  stump,  Trelease 
Woods,  1984,  4363.  Rare. 

* Platygyrium  repens  (Brid.)  BSC  —  [On  wood]  Urbana,  1890,  Craig  s.n.  (ILL 
31050).  On  old  log,  Mahomet,  1898,  GPC  s.n.  (ILL  28176).  Woods,  Urbana,  1898, 
Clinton  &  Gibbs  s.n.  (ILL).  Brownfield  Woods,  1934,  Boewe  s.n.;  on  decaying  log. 


47 


1983,  2718.  On  decaying  log,  Hart  Woods,  1975,  Spencer  s.n.  (ILL).  On  decaying 
log,  Purnell  Woods,  1984,  Helton  20,  21.  On  decaying  log,  T20N  R7E  S5,  1986, 
4877.  Abundant. 

* Pleuridium  subulatum  (Hedw.)  Rabh.  —  On  clayey  road  bank,  T21N  R7E 
S36,  1  Jun  1984,  3860.  On  clayey  soil  in  clearing  in  woods,  T18N  RlOE  SIO,  2  Jun 

1984,  3868.  Rare. 

*Pleurozium  schreberi  (Rrid.)  Mitt.  —  On  soil  in  fence  row,  W  side  Brown¬ 
field  Woods,  1984,  4395.  Rare. 

*Pohlia  melanodon  (Brid.)  Shaw  —  On  soil  in  Sullivan’s  car  lot,  Neil  Street, 
Champaign,  17  Jan  1985,  4408  (dup.  det.  J.  Shaw,  DUKE).  Rare. 

*Pohlia  wahlenbergii  (Web.  &  Mohr)  Andr.  —  In  calcareous  hillside  seep,  T21N 
R7E  S35,  1984,  4075.  Rare. 

*  Polytrichum  formosum  Hedw.  —  On  soil  in  road  bed,  W  side  Brownfield 
Woods,  1981,  Sargent  344  (pers.  coll.  M.  Sargent);  1984,  4393  (dup.  ver.  H.  Crum, 
MICH).  This  is  only  the  third  report  of  this  species  in  Illinois.  Rare. 

*  Polytrichum  juniperinum  Hedw.  —  On  soil  in  woods,  T18N  RlOE  SIO,  1983, 
2636,  2640.  Rare. 

*  Polytrichum  ohioense  Ren.  &  Card.  —  On  soil  in  woods,  T18N  RlOE  SIO, 

1983,  2642b.  Rare. 

*Pottia  truncata  (Hedw.)  Eiirnr.  ex  BSC  —  On  soil  in  mowed  field,  T20N  R7E 
SIO,  1  Dec  1984,  4387  (dup.  ver.  H.  Crum,  MICH).  This  species  could  easily  be 
mistaken  for  a  small  expression  of  the  abundant  Physcomitrium  pyriforme.  How¬ 
ever,  the  phenology  of  the  two  species  is  distinct;  Pottia  produces  capsules  in  late 
fall  while  Physcomitrium  does  so  in  late  spring.  This  collection  represents  only  the 
third  report  for  the  species  in  Illinois.  Rare. 

* Ptychomitrium  incurvum  (Schwaegr.)  Sull.  —  On  bark  of  fallen  Quercus,  Pur¬ 
nell  Woods,  1  Dec  1984,  4390  (dup.  det.  H.  Crum,  MICH).  Capsules  were  present 
on  some  of  the  plants.  This  species  is  usually  found  on  rock.  Rare. 

Pylaisiella  selwynii  (Kindb.)  Crum,  Steere  &  Anders.  —  1878,  ElB  s.n.  (ILL 
31069).  On  bark,  Mahomet,  1884,  MRWs.n.  (ILL  31043);  S  &  Ms.n.  (ILL  31073). 
On  bark,  Urbana,  1886,  Earle  s.n.  (ILL  31061).  On  Crataegus,  T19N  ROE  S3,  1983, 
2595.  On  log,  T20N  R7E  SIO,  1984,  4391.  On  Ulmus,  East  Lawn  Cemetery,  Urbana, 

1984,  4017a.  Previous  reports  of  P.  intricata  are  referrable  here.  Occasional. 
Rhynchostegium  serrulatum  (Hedw.)  Jaeg.  &  Sauerb.  —  On  sticks,  Urbana, 

1886,  MBW s.n.  (ILL  31053).  Busey  Woods,  1947,  Winterringer  s.n.  (ILL).  Weed 
in  lawn,  Urbana,  1952,  Jones  19508  (ILLS).  On  stream  bank.  Hart  Woods,  1975, 
Spencer  s.n.  (ILL).  On  wooded  slope,  T18N  RlOE  SI,  1983,  2702.  On  soil  road 
bank,  T18N  ROE  S4,  1983,  2607.  On  wooded  slope,  T21N  R7E  S35,  1984,  4036. 
On  shaded  soil.  East  Lawn  Cemetery,  Urbana,  1984,  4016.  On  decaying  log,  Pur¬ 
nell  Woods,  1984,  4376.  On  soil  under  luniperus,  E  side  Educ.  Bldg.,  Univ.  Ill., 

1985,  4576.  On  decaying  log,  Trelease  Woods,  1984,  4057.  On  soil,  north-facing 
slope,  T20N  R7E  S5,  1986,  4882.  Abundant. 

* Schwetschkeopsis  fabronia  (Schwaegr.)  Broth.  —  On  bark  at  base  of  Quercus, 
Trelease  Woods,  1984,  4354.  Rare. 

*Taxiphyllum  deplanatum  (Bruch  &  Schimp.  ex  Sull.)  El.  —  On  wooded  slope 
along  Sangamon  River,  T20N  R7E  S5,  1986,  4881.  Rare. 

*Taxiphyllum  taxirameum  (Mitt.)  El.  —  On  river  bank,  T19N  R9E  S2,  1983, 
2710.  On  river  bank,  T18N  RlOE  SIO,  1984,  3866.  On  wooded  slope,  T20N  R7E 
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S15,  1984,  4040.  On  wooded  slope,  T20N  R7E  S14,  1986,  4854.  On  soil  at  edge 
of  woods,  N  side  of  Salt  Fork,  T18N  RUE  S6,  1986,  Rohrer  3736  (pers.  eoll.  J. 
Rohrer).  Oeeasional. 

*  Thuidium  delic  at  Ilium  (Hedw.)  BSG  —  1878,  TJBs.n.  (ILL  31079).  Urbana, 
1879,  TJBs.n.  (ILL  31065).  1890,  Craigs.n.  (ILL  31036).  On  deeaying log,  Rrown- 
field  Woods,  1975,  1976,  Spencer  s.n.  (ILL);  1983,  2724.  On  soil,  elearing  in  woods, 
T20N  R7E  S5,  1986,  4879.  Oeeasional. 

Thuidium  recognitum  (Hedw.)  Lindb.  —  On  log,  Mahomet,  1887,  MBW s.n. 
(ILL  31059).  On  soil  in  woods,  T18N  RlOE  SIO,  1983,  2637.  Rare. 

*Tortella  humilis  (Hedw.)  Jenn.  —  On  old  eonerete  railroad  trestle,  T18N  RlOE 
S15,  1984,  4090.  Additional  populations  should  be  found  on  tree  bases,  its  typical 
habitat  in  the  Midwest.  Rare. 

Weissia  controversa  Hedw.  —  On  soil,  Urbana,  1878,  Britton  s.n.  (ILL  31071); 
1885,  Britton  s.n.  (ILL  31055);  1945, /one’s  s.n.  (ILL).  On  soil  along  Salt  Fork  near 
St.  Joseph,  1940,  Jones  11184  (ILL).  On  soil  in  lawn,  Urbana,  1981,  Carothers  s.n. 
(axenic  cult.  coll.  M.  Sargent).  On  soil  road  bank,  T18N  R9E  S4,  1983,  2610.  On 
stone  wall,  T20N  R7E  S31,  1984,  4045a.  On  disturbed  soil,  T20N  R7E  1984,  4385. 
On  soil,  T20N  R7E  S14,  1986,  4858.  Occasional. 


ANNOTATED  LIST  OF  PREVIOUSLY  UNREPORTED  BRYOPHYTES 
WHICH  WERE  NOT  FOUND  IN  THE  FIELD  DURING  THIS  STUDY 

*Bryum  pseudotriquetrum  (Hedw.)  Gaertn.,  Meyer  &  Scherb.  —  [On  Tsuga 
and  Picea  needles]  Urbana,  intermixed  with  Campylium  hispidulum,  1886,  MBW 
s.n.  (ILL  31037). 

*Fabronia  ciliaris  (Brid.)  Brid.  —  On  piece  of  Acer  bark.  Brownfield  Woods, 
1976,  Spencer  s.n.  (ILL). 


ANNOTATED  LIST  OF  PREVIOUSLY  REPORTED 
BRYOPHYTES  WHICH  WERE  NOT  RELOCATED  IN  THE  FIELD 

DURING  THIS  STUDY 


HEPATICAE  (4) 

Conocephalum  conicum  Dum.  —  On  wet  bank,  Mahomet  (Big  Springs),  1880, 
Burrill  &  Seymour  s.n.  (ILL).  No  record  of  a  “Big  Springs”  in  Champaign  County 
was  found. 

Lophocolea  cuspidata  (Nees)  Limpr.  f.  alata  K.  Miill.  —  Reported  from  Illinois 
(Urbana),  Drexler  fide  Frye  &  Clark  (1937-1947);  no  voucher  at  ILL  or  ILLS.  It 
is  likely  that  this  report  is  based  on  a  misdetermined  specimen  of  L.  heterophylla; 
Schuster  (1980),  “erroneously”  reported  from  Illinois  (Urbana). 

Porella  platyphylla  (L.)  Pfeiff.  —  Reported  by  Frye  &  Clark  (1937-1947),  Hague 
&  Drexler  (1938)  and  Schuster  (1980);  no  voucher  at  ILL  or  ILLS.  It  is  often  diffi¬ 
cult  to  distinguish  this  species  from  P.  platyphylloidea .  In  fact  one  of  the  collec¬ 
tions  listed  above  under  P.  platyphylloidea  is  intermediate  between  the  two  species. 

Ptilidium  pulcherrimum  (G.  Web.)  Hampe  —  Reported  by  Hague  &  Drexler 
(1938);  no  voucher  at  ILL  or  ILLS.  This  species  is  not  common  in  the  Midwest 
and  is  then  usually  found  on  decaying  logs. 
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MUSCI  (10) 

Bryum  uliginosum  (Brid.)  BSG  —  On  soil,  Mahomet,  31  Jul  1884,  MBW  s.n. 
(ILL  31040).  Woods,  Mahomet  (Big  Springs),  5  Aug  1880,  TJB  s.n.  (ILL  31038). 
Both  collections  of  this  rare  species  have  capsules. 

Climacium  americanum  Brid.  —  Mahomet,  May  1887,  TJB  s.n.  (ILLS  31045). 

Entodon  brevisetus  (Wils.)  Lindb.  —  The  vouchers  at  ILL  are  misdetermined 
collections  of  E.  seductrix. 

Hypnum  imponens  Hedw.  —  Urbana,  1878,  TJB  s.n.  (ILL  31081).  Intermixed 
with  Entodon  cladorrhizans  and  Thuidium  delicatulum . 

Leskea  obscura  Hedw.  —  On  Ulmus  along  Sangamon  Biver,  Mahomet,  1952, 
Jones  J9515  (ILL).  Most  of  the  vouchers  at  ILL  and  ILLS  have  some  biplicate  leaves 
with  recurved  margins  and,  therefore,  are  misdetermined  collections  of  L. 
gracilescens .  The  differences  between  the  species  in  this  genus  are  so  minor  that 
certain  identification  is  almost  impossible.  The  comment  by  Crum  &  Anderson 
(1981),  “The  species  of  Leskea  are  not  well  marked.”,  is  an  understatement. 

Leskea  polycarpa  Hedw.  —  On  bark,  Univ.  Ill.  Forest,  Urbana,  5  Jul  1890, 
Craig  s.n.  (ILL  10014).  Dup.  ver.  H.  Crum  (MICH).  Plants  with  unusually  long 
setae  (8-15  mm). 

Leucodon  julaceus  (Hedw.)  Sull.  —  Beported  by  Hague  (1930)  and  McCleary 
&  Redfearn  (1979),  no  voucher  at  ILLS.  A  few  plants  were  found  intermixed  with 
collections  of:  Anomodon  minor,  Urbana,  1878,  TJB  s.n.  (ILL  31070); 
Brachythecium  acuminatum,  Urbana,  1878,  TJB  s.n.  (ILL  31073,  31084);  and 
Pylaisiella  selwynii,  Urbana,  1886,  Earle  s.n.  (ILL).  That  I^eucodon  was  not  found 
during  this  study  indicates  the  scarcity  of  old  growth  forests  in  the  county. 

Mnium  longirostrum  Brid.  (=  M.  rostratum  Schrad.  ex  Anon.)  —  Reported 
by  Hague  (1930)  and  McCleary  &  Redfearn  (1979);  probably  based  on  several  mis¬ 
named  collections  of  M.  cuspidatum  at  ILL. 

* Philonotis  fontana  (Hedw.)  Brid.  —  Champaign,  1884,  Seymour  s.n.  (ILL 
12676),  misdetermined  specimen  of  P.  marchica  (Hedw).  Brid.  Annot.  W.  Zales, 
1976.  A  wetland  species  that  probably  has  been  extirpated  from  the  county. 

Pylaisiella  intricata  (Hedw.)  Crout  —  The  vouchers  at  ILL  are  all  misdeter¬ 
mined  collections  of  P.  selwynii. 

CONCLUSIONS 

I  found  only  107  species  of  bryophytes  (95  mosses  and  12  liverworts)  in  Champaign 
County,  Illinois.  The  taxa  are  primarily  weedy  and  common  throughout  the  Mid¬ 
west,  although  63  county  records  are  listed,  including  two  recently  reported  state 
records  (Bryum  klinggraeffii  and  Grimmia  plagiopoda) .  Only  ten  species  were  abun¬ 
dant  and,  except  for  Frullania  eboracensis,  all  the  liverworts  were  either  rare  or 
occasional.  The  high  moss  to  liverwort  ratio  (8:1)  is  indicative  of  the  absence  or 
scarcity  of  prime  bryophyte  habitat  (e.g.,  old  growth  forests,  rock  outcroppings, 
and  wetlands).  Four  previous  reports  were  discovered  to  be  based  on  misdetermined 
specimens.  Nine  previous  reports  were  confirmed,  but  no  vouchers  were  available 
for  three  other  previous  reports.  One  formerly  reported  liverwort  (Lunularia 
cruciata)  was  found  only  in  greenhouses  and,  therefore,  is  not  considered  part  of 
the  county  bryoflora.  Notable  findings  include  two  populations  of  Drepanocladus 
in  small  wetlands  adjacent  to  railways.  The  presettlement  vegetation  map  (Fig.  1) 
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indicates  that  these  populations  may  be  relicts  in  vestiges  of  natural  wetlands  like 
Glover  Marsh  that  are  rapidly  being  destroyed.  No  bryophytes  were  found  in  any 
of  the  several  small  Acorus  marshes  surveyed;  this  absence  of  bryophytes  may  be 
attributable  to  the  fact  that  these  mar^shes  are  located  in  areas  used  as  pasture.  The 
favored  ligneous  substrata  in  the  county  was  decaying  logs.  Large  living  Celtis  and 
Ulrnus  trees  along  roadsides  and  in  cemeteries  frequently  supported  a  lush  growth 
of  Leskea  and  Orthotrichum.  The  next  most  common  corticolous  hosts  were  Fraxi- 
nus  and  Quercus  alba.  I  did  not  discern  any  difference  in  the  kind  or  frequency 
of  corticolous  bryophytes  in  Champaign-Urbana  versus  rural  areas.  This  is  not  sur¬ 
prising  since  there  is  relatively  little  industrial  development.  Also  interesting  was 
the  large  number  of  pygmy  ephemerals  and  the  discovery  of  the  infrequently  collected 
Brothera  leana.  Poly  trichum  formosum,  and  Ptychornitriurn  incurvum.  The  best 
locations  for  bryophytes  are  Brownfield  Woods,  Trelease  Woods,  the  woods  along 
the  Sangamon  River  north  of  Mahomet,  and  the  woods  along  the  Salt  Fork  east 
of  Sidney,  especially  the  section  immediately  northeast  of  Sidney. 
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FOREST  t  CEMETERIES  NATURAL  LAKES,  PONDS 

AND  WATER  COURSES 

Fig.  1.  Presettlement  vegetation  map  of  Champaign  County,  Illinois,  based  on  the  Government 
Land  Office  Survey  maps  from  the  1830’s.  The  only  manmade  features  included  are  those 
mentioned  in  the  text  as  reference  points  for  collection  sites. 
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ABSTRACT 

Bluff  City  Fen  in  Cook  County,  Illinois  is  eomposed  of  eight  communities  includ¬ 
ing  shrub  fen,  graminoid  fen,  wet  —  mesie  prairie,  caleareous  seep,  sedge  meadow, 
dry  gravel  prairie,  Typha-Carex  community,  and  shrub  community.  Maps  derived 
from  aerial  photographs  illustrate  existing  communities  and  traee  the  historieal 
vegetational  ehanges  from  1938  to  the  present.  Considerable  suceession  of  herba- 
eeous  communities  to  shrub  eommunity  has  oeeured. 

INTRODUCTION 

Examination  of  a  wetland  is  of  value,  beeause  at  least  88  percent  of  Illinois’ 
wetlands  have  been  destroyed  in  the  last  135  years  (Shaw  &  Fredine,  1956).  The 
unique  calcareous  nature,  high  quality  eommunities,  and  management  efforts  to 
control  shrub  invasion  make  this  study  area  of  partieular  interest. 

METHODS 

Plants  were  eolleeted  on  field  trips  to  the  site  throughout  the  growing  season 
and  over  a  period  of  several  years.  They  are  vouehered  in  the  herbarium  at  The 
Morton  Arboretum  (MOR).  Vegetation  mapping  was  eompleted  following  proce¬ 
dures  outlined  by  Kuchler  (1967).  Aerial  photographs  dated  1938,  1976,  and  1981 
were  used  to  map  the  historieal  vegetational  changes.  Extant  vegetation  was  sur¬ 
veyed  during  the  summer  of  1984  and  eommunities  classified  following  White  (1978). 
Determination  of  dominant  speeies  was  based  upon  personal  observation. 
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RESULTS  AND  DISCUSSION 

Location  and  Physical  Features 

Bluff  City  Fen  is  an  area  of  approximately  40  hectares  (100  acres)  located  in 
Hanover  Township,  Cook  County,  Illinois  just  southeast  of  Elgin  (T41N,  ROW,  Nl/2, 
Sec.  30;  Fig.  1).  The  surficial  geology  of  the  area  is  sand  and  gravel  outwash 
(Willman  &  Lineback,  1970)  and  lies  west  of  the  West  Chicago  moraine  (Willman, 
1971).  The  well  drained  soil  of  the  two  kames  (Fig.  2)  is  black  gravelly  loam  under¬ 
lain  by  calcareous  gravel  and  sand.  The  soil  of  the  adjoining  wetland  is  a  combina¬ 
tion  of  silty  clay  loam  and  muck  (Mapes,  1979). 

Water,  issuing  from  several  surface  springs,  is  highly  calcareous  as  evidenced 
by  the  marly  precipitate  in  low,  slow  moving  spring  flows  and  the  considerable  build¬ 
up  of  tufa  in  some  areas.  Drainage  is  generally  westward  into  Poplar  Creek  and 
eventually  into  the  Fox  River. 

Vegetation 

Management  areas  and  eight  communities  are  distinguishable  within  the  study 
area:  graminoid  fen,  shrub  fen,  calcareous  seep,  wet  —  mesic  prairie,  sedge  meadow, 
Typha-Carex  community,  dry  gravel  prairie,  and  shrub  community. 

The  unique  fen  community  is  divided  into  two  subgroups.  The  graminoid  fen 
is  characterized  by  dominant  species  such  as  Andropogon  gerardii.  Car  ex  stricta, 
and  Sorghastrum  nutans  and  subdominants  are  Lysimachia  quadriflora,  Liatris  pyc- 
nostachya,  Solidago  ohioensis,  and  Valeriana  ciliata.  The  dominants  of  the  low  shrub 
fen  dixe  Andropogon  gerardii,  Carex  stricta,  Scirpus  acutus,  snid  Potentilla  fruticosa, 
with  Lysimachia  quadriflora  and  Solidago  ohioensis  also  present. 

Adjacent  to  the  fen  lies  the  calcareous  seep  community  with  many  springs  and 
flows  that  keep  the  soil  saturated.  Eleocharis  rostellata,  Potentilla  fruticosa,  and 
Silphiurn  terebinthinaceum  are  the  dominant  taxa  and  Deschampsia  caespitosa, 
Rhynchospora  capillacea.  Lobelia  kalmii,  and  Solidago  uliginosa  are  subdominants. 

Wet-mesic  prairie  is  scattered  throughout  higher,  better  drained  soils  and  inter¬ 
grades  almost  imperceptably  with  portions  of  the  graminoid  fen.  Dominant  species 
include  Andropogon  gerardii,  Sorghastrum  nutans,  and  Silphwm  integrifolium  in 
association  with  Calarnagrostis  canadensis,  Carex  stricta,  Spartina  pectinata,  Apocy- 
num  sibiricum,  Liatris  pycnostachya,  and  Pycnanthemum  virginianum. 

The  Typha-Carex  community  lies  adjacent  to  and/or  within  the  creeks  flowing 
through  the  area.  Typha  latifolia  and  Carex  stricta  are  codominants  and  Nastur¬ 
tium  officinale  is  an  associate  that  chokes  the  creeks.  Other  species  found  within 
this  zone  are  Sagittaria  latifolia,  Caltha  palustris,  Eupatoriurn  mactdaturn,  and 
Solidago  pattda. 

In  areas  of  elevation  slightly  lower  than  the  wet-mesic  prairie  the  sedge  meadow 
community  is  found.  This  community  is  distinguished  by  the  dominance  of  Carex 
stricta  and  the  presence  of  other  common  species  such  as  Scirpus  acutus,  Typha  latifo¬ 
lia,  T.  angustifolia,  Eupatoriurn  rnaculatum,  Liatris  pycnostachya,  Siud  Pycanthe- 
rnum  virginianum. 

Dry  gravel  prairie  is  located  on  the  two  kames  and  is  in  contrast  to  the  lower 
wetland  areas  (Fig.  2),  because  it  has  poorer  soil  development  and  sparcer  vegeta¬ 
tion.  Dominant  species  include  Andropogon  gerardii,  Schizachyriurn  scoparium, 
and  Sporobolus  heterolepis.  Other  common  species  found  here  include  Bouteloua 
curtipendula,  Panicurn  oligosanthes  var.  scribnerianum ,  Asclepias  verticillata,  and 
Petalostemum  purpureum. 
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The  shrub  community  is  extensive  and  has  successfully  invaded  all  but  the  wet¬ 
test  of  soils.  It  is  characterized  by  woody  plants  two  to  three  meters  in  height.  Dom¬ 
inant  species  are  Acer  negundo,  Cornus  racemosa,  Corylus  americana,  Populus 
deltoides,  Rhamnus  cathartica,  R.  frangula,  Rubiis  occidentalis,  and  Viburnum  len- 
tago.  Very  little  herbaceous  plant  cover  is  present  in  these  areas. 

Cutting  and  burning  of  the  shrub  community  have  created  extensive  disturbed 
areas.  These  areas  are  typically  dominated  by  weedy  species,  such  as  Arctium  minus, 
Circaea  lutetiana  ssp.  canadensis,  Rubus  occidentalis,  and  Soligado  altissirna.  More 
desirable  native  species,  which  are  either  reinvading  or  have  always  been  present 
include  Apocynum  sibiricurn.  Aster  umbellatus,  Heuchera  richardsonii,  Liatris  pyc- 
nostachya,  Silphium  integrifolium,  and  S.  perfoliatum. 

Vegetational  History 

The  change  in  vegetation  over  time  is  illustrated  by  the  vegetation  maps  (Figs. 
3-5).  Comparison  of  maps  from  1938  and  the  present  illustrate  a  considerable  increase 
in  coverage  by  woody  species.  Succession  of  wetland  herbaceous  cover  to  woody 
species  is  common  and  well  known  (Curtis,  1959;  Sytsma  &  Pippen,  1982),  but  why 
does  a  shrubby  community  that  was  formerly  restricted  now  invade  the  herbaceous 
communities? 

The  increased  importance  of  woody  species  may  be  attributed  to  several  fac¬ 
tors.  1)  The  area  surrounding  the  wetland  was  extensively  farmed  in  the  past  (Pack¬ 
ard,  pers.  comm.)  and  grazing  may  have  prevented  woody  plant  invasion.  2)  Periodic 
fires  may  have  slowed  or  prevented  invasion  by  woody  species  (Barbour  et  al. ,  1980; 
Kohring,  1982).  3)  In  time,  a  build-up  of  soil  isolates  the  ground  water  and  woody 
species  invade  drier  sites  (Sytsma  &  Pippen,  1982).  4)  Lastly  the  area  surrounding 
the  study  site  has  been  extensively  mined  for  gravel.  Chronological  examination  of 
the  series  of  aerial  photographs  shows  the  progressive  increase  in  the  number  of  ponds 
in  the  region  contiguous  with  Bluff  City  Fen.  Such  activity  could  alter  the  water 
table  by  isolating  it  from  the  soil  surface  and  woody  species  would  invade.  At  pres¬ 
ent,  none  of  these  factors  individually  can  be  shown  as  the  cause  for  woody  plant 
invasion  and  future  work  could  indicate  that  all  have  contributed. 

Management 

Burning  and  cutting  projects  have  dramatically  reduced  the  populations  of 
woody  species  throughout  and  improved  the  quality  of  Bluff  City  Fen  in  general. 
Native  herbaceous  vegetation  is  reinvading  managed  areas  (Fig.  5),  however  recovery 
is  slow  and  continued  attention  by  management  teams  is  required. 

Bluff  City  Fen  is  an  area  that  provides  many  unique  opportunities  for  continued 
managerial  success  and  scientific  research.  Quantitative  ecological  studies  will  docu¬ 
ment  the  current  importance  of  various  taxa  for  future  comparisons  and  composi¬ 
tion  studies  conducted  “before  and  after”  management  efforts  can  provide  evidence 
of  change.  Analysis  of  tree  ring  cores  may  indicate  past  hydrologic  change.  Each 
of  these  and  other  studies  may  help  explain  past  changes  and  monitor  future  develop¬ 
ment  of  Bluff  City  Fen. 


56 


LITERATURE  CITED 

Barbour,  M.G.,  J.  H.  Burk,  &  W.D.  Pitts.  1980.  Terrestrial  plant  ecology.  The  Benjamin/Cummings 
Publishing  Co.,  Inc.,  Reading,  Massachusetts.  604  pp. 

Curtis,  J.T.  1959.  The  vegetation  of  Wisconsin.  University  of  Wisconsin  Press,  Madison,  Wisconsin. 
657  pp. 

Kohring,  M.A.  1982.  Ecological  and  floristic  analysis  of  Bakertown  Fen.  M.S.  Thesis,  Michigan  State 
Univ.  72  pp. 

Kuchler,  A.W.  1967.  Vegetation  mapping.  The  Ronald  Press  Co.,  New  York  City.  472  pp. 

Mapes,  D.R.  1979.  Soil  survey  of  DuPage  and  part  of  Cook  Counties,  Illinois.  U.S.D.A.,  Soil  Conser¬ 
vation  Service.  217  pp.,  126  maps. 

Shaw,  S.P.  &  C.C.  Fredine.  1956.  Wetlands  of  the  United  States.  U.S.  Fish  &  Wildlife  Serv.  Circ. 
39.  67  pp. 

Sytsma,  K.J.  &  R.W.  Pippen.  1982.  The  Hampton  Creek  wetland  complex  in  southwestern  Michigan. 
IV.  Fen  succession.  Michigan  Bot.  21:105-115. 

White,  J.  1978.  Illinois  natural  areas  inventory  technical  report:  Volume  I,  Survey  methods  and  results. 

Illinois  Natural  Areas  Inventory,  Urbana,  Illinois.  426  pp. 

Willman,  H.B.  1971.  Summary  of  the  geology  of  the  Chicago  area.  Ill.  State  Ceol.  Survey  Circ.  460. 
77  pp. 

_ and  J.  A.  Lineback.  1970.  Surficial  geology  of  the  Chicago  region.  Ill.  State  Ceol.  Survey 

map. 


Fig.  1  Location  of  Bluff  City  Fen  in  Cook  County,  Illinois 
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Fig.  2  Vegetation  map  showing  elevations  and  locations  of  major  vegetation  regions  in  Bluff  City  Fen. 
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Fig.  3  Map  showing  the  distribution  of  vegetation  in  Bluff  City  Fen  during  1938. 
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Fig.  4  Vegetation  of  Bluff  City  Fen  prior  to  commencement  of  management  practices. 
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Vegetation  of  Bluff  City  Fen  following  commencement  of  management  practices. 
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ABSTRACT 

The  polarographic  reduetion  of  N-bromobenzamides  in  dimethylformamide 
reduced  in  three  waves;  the  first  wave  and  second  wave  are  the  reduction  of  the 
nitrogen  to  bromine  bond  and  the  third  wave  is  the  reduction  of  the  carbonyl  link¬ 
age.  Large-scale  potentiostatic  reductions  produced  evidence  for  a  negatively  charged 
transition  state  when  formic  acid  was  produced  in  the  medium  from  carbon  diox¬ 
ide.  A  Hammett  substituent  plot  produced  a  reaction  constant  (q)  of  +  0.054  which 
was  consistent  with  a  negatively  charged  transition  state  in  the  rate  controlling  step. 

INTRODUCTION 

N-Bromobenzamides  have  not  been  previously  studied  polarographically.  Active 
halogen  bonds  have  been  reduced  in  nonaqueous  solvents,  and  Wawzonek  (1964) 
was  one  of  the  first  to  report  the  reduction  of  benzyl  halides  and  ethyl  chloro  and 
bromo  acetates  in  the  aprotic  solvent  dimethylformamide.  Grimshaw  (1968)  did 
a  detailed  study  of  the  Hammett  substituent  plot  of  benzyl  bromides  which  followed 
Streitwieser’s  study  (1964)  of  the  benzyl  chlorides. 

Gem-dichloro  compounds  have  been  studied,  and  Wawzonek  (1979)  reported 
the  reduction  of  benzal  chloride  in  dimethylformamide.  In  this  laboratory  we 
polarographically  reduced  9,9-dichlorofluorene  in  dimethylformamide  (Duty,  1974). 
In  both  cases,  the  reduction  mechanism  had  a  carbanion  transition  state  as  revealed 
by  product  isolation. 

Casanova  (1972)  reduced  Q!,Q!’-dibromo  ketones  in  dimethylformamide  and 
acetonitrile  in  an  unsuccessful  attempt  to  electrochemically  synthesize  cyclopropane 
structures  through  a  carbanion  postulated  mechanism.  Hawley  (1969)  reduced  the 
nitrobenzyl  halides  in  acetonitrile  and  demonstrated  a  one-electron  reduction  to  the 
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radical  anion  which,  subsequently,  lost  a  halide  ion.  Previous  studies  have  shown 
the  loss  of  a  halide  ion  with  an  uptake  of  two  electrons  to  generate  the  carbanion 
intermediate. 

Sinee  active  bromo  compounds  are  reduced  to  generate  the  carbanion,  we  stud¬ 
ied  the  possibility  of  generating  the  nitrogen  anion  from  active  N-bromo  compounds. 
To  study  this  reaction  we  elected  to  synthesize  several  N-bromo-benzamides  and 
ascertain  if  a  nitrogen  anion  could  be  generated  polarographically. 

N-bromobenzamide  undergoes  a  facile  rearrangement  in  base  to  form  phenyl 
isocyanates.  This  reaction  is  known  as  the  Hofman  rearrangement  (Hofmann,  1882), 
and  the  nitrogen  anion  is  generated  as  an  intermediate  by  loss  of  a  proton.  Stevens 
(1963)  unequivocally  demonstrated  the  nitrogen  anion  intermediate  with  his 
bromine-82  study  where  he  isolated  ggm-dihalides. 


EXPERIMENTAL  SECTION 

Apparatus.  A  Heath  Model  EUW-401  polarograph  with  a  Heath  Model  EUW-10-2 
operational  amplifier  was  used  to  record  the  polarograms  on  a  Heath  EUW-20A. 
The  potentiostat  was  a  modified  design  of  Tackett  and  Knowles  (1966)  so  that  it 
eould  produce  a  current  of  90  mA  through  a  1000-ohm  load  (Duty,  1974). 
Reagents.  Fisher  reagent  grade  N,N-dimethylformamide  was  purified  as  previously 
described  (Duty,  1974).  The  supporting  electrolyte  was  Eastman  reagent  grade  tetra- 
n-butylammonium  bromide  (0.175  M)  and  was  recrystallized  five  times  from  anhy¬ 
drous  ethyl  acetate  and  dried  in  a  vacuum  desiccator  which  contained  phosphorus 
pentoxide. 

N-Bromobenzarnides  and  Derivatives.  The  N-bromo  compounds  were  prepared  from 
their  corresponding  amides  by  a  modified  method  of  Stevens  (1963).  The  pulver¬ 
ized  benzamide  (5g)  was  added  quickly  to  150  ml  solution  of  cold  (  -  3°  to  0°)  sodium 
hypobromite  which  was  prepared  by  adding  15  g  of  bromine  to  150  ml  of  sodium 
hydroxide  solution  (1.5  M).  The  mixture  was  shaken  between  3  to  5  minutes  and 
filtered  rapidly  into  125  ml  of  distilled  water  containing  9  ml  of  glacial  acetic  acid 
and  ice.  The  precipitated  N-bromobenzamide  was  washed  with  water  and  recrystal¬ 
lized  from  chloroform  and  hexane  or  from  glacial  acetic  acid. 

Not  all  of  the  compounds  have  been  previously  synthesized,  but  each  one  was 
verified  by  running  an  infrared  KBr  pellet  of  the  compound  and  observing  the  sin¬ 
glet  nitrogen-hydrogen  stretch  at  330  cm“h  All  compounds  gave  an  immediate 
precipitate  with  silver  nitrate  solution.  The  following  N-bromobenzamides  were 
synthesized. 

N-Bromobenzamide .  Recrystallized  from  chloroform  and  hexane.  The  compound 
decomposed  at  129°-130°C.  (Lit.  d.p.  129-131°C)  (Hauser,  1937). 
N-Bromo-p-toluamide.  Reerystallized  from  chloroform  and  hexane.  The  decompo¬ 
sition  point  was  129°-132°C.  (Lit.  d.p.  131-133°C)  (Hauser,  1937). 
N-Bromo-p-methoxybenzamide.Becrysi2i\\\zedi  from  chloroform  and  hexane  and 
deeomposed  at  145° C. 

N-Bromo-p-chlorobenzamide.  Recrystallized  from  50%  glacial  acetic  acid  (70-80°C). 
The  deeomposition  point  was  190-193°C.  (Lit.  d.p.  170-174°C)  (Hauser,  1937). 
N-Bromo-m-methoxybenzamide .  Recrystallized  from  chloroform  and  hexane  with 
a  decomposition  point  of  95°-96°C. 
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N,N-bis(p-anisyl)oxamide.  The  oxamide  was  prepared  from  p-anisidine  oxalyl  chlo¬ 
ride,  and  was  recrystallized  from  a  50-50  mixture  of  ethyl  alcohol  and  water.  The 
solid  melted  sharply  at  265-266°C.  (Lit.  260-261  °C)  (Beilstein  and  Castellaneta, 
1930). 

N,N,Bis(p-ainsyl)urea.  The  urea  derivative  was  prepared  from  p-anisidine  and  phos¬ 
gene.  The  product  was  recrystallized  from  95%  ethyl  alcohol  and  melted  at 
236-238°C.  (Lit.  234°C)  (Beilstein  and  Cazeneuve,  1930). 

Procedure.  A  current-voltage  curve  was  recorded  for  a  solution  which  was  10“^  M 
in  N-bromo  compound  and  0.175  M  in  supporting  electrolyte.  The  capillary  had 
a  drop  time  of  3.50  sec  (8.44  mg/drop)  at  a  mercury  height  of  56  cm  with  an 
j^2/3p/6  value  of  5.04.  The  capillary  was  checked  against  the  value  for  thallium 
ion  with  a  solution  containing  1.13  x  10“^  M  thallium  chloride.  The  Ej^2  for  thal¬ 
lium  was  -0.46  V  vs  the  S.C.E.,  and  the  experimental  1^  was  2.70.  (Lit.  Ej^2  = 
-0.46,  Ij  =  2.70)  (Meites,  1965).  The  polarograms  were  recorded  with  a  Ag/AgBr 
electrode  as  the  reference  electrode  as  used  previously  in  a  polarographic  study  (Duty, 
1983). 

The  large-scale  reduction  cell  had  anolyte  and  catholyte  compartments  of  25  ml 
each  and  has  been  described  elsewhere  (Duty,  1974).  The  catholyte  was  charged 
with  2  g  of  the  N-bromo  compound  and  20  ml  of  0.175  M  supporting  electrolyte. 
The  anolyte  was  charged  with  only  20  ml  of  0.175  M  supporting  electrolyte.  The 
cell  was  placed  in  the  temperature-controlled  bath  at  -  11°C.  Dry  nitrogen  was 
bubbled  through  the  anolyte  and  dry  carbon  dioxide  was  bubbled  through  the  catho¬ 
lyte  during  the  entire  reduction  which  ran  for  30  hrs.  The  reduction  potential  was 
set  at  -t- 1.75  V  us  the  Ag/AgBr  reference  electrode.  The  current  in  the  cell  began 
at  a  maximum  18  ma  and  fell  to  5  ma  during  the  course  of  the  reduction. 

The  catholyte  was  rotary  evaporated  under  reduced  pressure  (1  mm),  and  gas 
chromatographic  analysis  (2.4  x  0.64  cm  o.d.  column,  3%  silicone  at  120°)  of  the 
distillate  indicated  only  dimethylformamide. 

The  residue  was  extracted  with  three- 15  ml  portions  of  hot  5  %  HCl,  three- 15  ml 
portions  of  diethyl  ether  and  three-15  ml  portions  of  benzene.  The  residue  which 
remained  after  these  extractions  weighed  1.5  g.  The  residue,  after  washing  with 
p-dioxane,  had  a  m.p.  of  260-265°.  An  infrared  pellet  (KBr)  was  run  and  revealed 
a  carbonyl  stretch  at  1690  cm“^  and  ill-defined  stretching  vibrations  at  3100  cm“^ 
and  3300  cm“^  for  nitrogen-hydrogen  symmetric  and  asymmetric  stretch,  respec¬ 
tively.  The  residue  was  slightly  soluble  in  dimethylsulfoxide,  but  not  sufficiently 
soluble  at  140°  to  obtain  a  variable  temperature  probe  NMR  spectrum  (60  MHz). 

Upon  cooling  of  the  three  solutions  from  the  extractions,  small  quantities  of  soilds 
formed  in  each.  Infrared,  KBr  pellets  of  each  were  run,  and  in  all  cases  the  IR  spec¬ 
trum  agreed  with  the  p-methoxybenzamide  spectrum  with  carbonyl  stretch  at  1658 
cm~^,  nitrogen-hydrogen  symmetric  and  asymmetric  stretches  at  3200  cm“^  and 
3400  cm“^,  respectively,  and  nitrogen-hydrogen  scissoring  at  1623  cm“h 

The  5  per  cent  hydrochloric  acid  extraction  was  steam  distilled  with  the  first 
5  ml  of  distillate  analyzed  on  a  Porapak  column  (2.4  m  x  0.64  cm  o.d.)  at  170° 
for  formic  acid  (1.6  min  for  H2O  and  5.4  min  for  formic  acid  at  60  ml/min  He). 
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RESULTS  AND  DISCUSSION 


The  reduction  of  N-bromobenzamide’s  nitrogen-bromine  bond  occurs  in  two 
separate  steps.  The  first  reduction  occurs  at  approximately  -0.24  volts  and  is  a 
one  electron  reduction  which  is  illustrated  by: 


0 


0 


]  +  Br 


The  second  reduction,  at  approximately- 1. 50  volts,  is  a  two  electron  reduction  which 
generates  a  nitrogen  anion  intermediate: 


+  2e - > 


+  Br 


Fig.  2 

The  half-wave  potentials  of  the  five  N-bromobenzamides  are  given  in  Table 
I  along  with  their  diffusion-current  constants.  To  prove  the  nitrogen  anion  inter¬ 
mediate  does  exist,  we  conducted  a  controlled-potential,  large-scale  electrolytic 
reduction  over  a  pool  of  mercury  while  degassing  the  cell  continuously  with  carbon 
dioxide  gas. 

We  theorized  that  if  the  nitrogen  anion  is  formed  as  an  intermediate,  it  would 
be  possible  to  lose  a  hydrogen  to  a  hydride  ion  scavenger  such  as  carbon  dioxide. 
Carbon  dioxide  is  known  to  be  reduced  by  metal  hydrides  (Brown,  1951),  conse¬ 
quently  it  appeared  reasonable  for  the  carbon  dioxide  to  abstract  a  hydride  ion  from 
the  nitrogen  anion. 

Four  of  the  five  N-bromobenzamides  were  reduced  on  a  large  scale  with  most 
of  our  attention  directed  at  the  N-bromo-p-methoxybenzamide.  The  methoxy  group 
is  a  moderate  activating  group  and  would  be  capable  of  enriching  the  electron  density 
around  the  nitrogen  atom,  therefore  enhancing  the  leaving  ability  of  the  hydride  ion. 

The  reductions  of  the  N-bromo  compounds  of  p-chloro,  p-methyl,  p-methoxy 
and  p-hydrogen  were  carried  out  at  -  10°  and  only  N-bromo-p-methoxybenzamide 
produced  traces  of  formic  acid.  However,  by  increasing  the  reduction  temperature 
to  +  10°  for  the  p-methoxy  derivative,  a  formic  acid  peak  was  obtained  which  cor¬ 
responded  to  a  28%  yield  based  on  the  starting  material  of  the  N-bromo-p- 
methoxybenzamide  (2  g.). 

After  substantiating  that  the  nitrogen  anion  is  capable  of  losing  a  hydride  ion 
to  carbon  dioxide,  we  directed  our  attention  to  the  product  that  would  be  formed 
from  the  nitrogen  anion  after  it  loses  the  hydride  ion.  In  the  Hofmann  degradation 
of  amides  by  sodium  hyprobromite,  the  anion  of  the  N-bromo  compound  is  formed 
which  rearrange  simultaneously  to  the  isocyanate  and  ultimately  is  hydrolyzed  to 
the  amine  (Hofmann,  1882). 
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In  the  reduction  of  the  N-bromo  compound,  the  nitrogen  anion  would  have 
the  same  options  available: 


Fig.  4 


We  observed  no  evidence  for  an  isocyanate  during  or  at  the  conclusion  of  the 
large-scale  electrolytic  reductions.  The  isocyanate  stretching  vibration  is  easily 
observed  by  infrared  spectrometry  (see  the  experimental  section). 

Isocyanates  also  are  reduced  at  the  dropping  mercury  electrode  and  have  been 
reported  to  reduce  with  two  electrons  (Shapaval,  1967).  If  this  happened,  one  pos¬ 
sible  derivative  could  be  an  oxamide  derivative  formed  as  follows: 

0  0 


N=C=0  +  2e - > 


R 
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N,N-Bis(p-anisyl)oxamide  was  synthesized  and  revealed  a  carbonyl  stretching 
vibration  of  1650  cm“h  The  unknown  residue  from  the  large-scale  reduction  had 
a  carbonyl  stretching  vibration  at  1700  cm“^  and  was,  therefore,  ruled  out  as  an 
oxamide  derivative. 

The  isocyanate  could  also  reduce  to  the  amine,  p-anisidine.  Again,  no  evidence 
for  this  was  observed  by  checking  the  ether  extractions  on  the  gas  chromatograph. 

A  third  possible  pathway  for  the  isocyanate  to  react  would  be  to  combine  with 
any  p-anisidine  that  could  be  generated  to  form  a  substituted  urea,  N,N-his{p- 
anisyl)urea.  The  infrared  spectrum  again  ruled  out  the  urea  derivative  as  a  possible 
product  because  of  the  carbonyl  stretching  vibration  occurring  at  1640  cm~^ 
instead  of  1700  cm~^  as  observed  for  the  unknown  residue. 

At  this  point  in  the  investigation  we  began  to  doubt  the  authenticity  of  the  for¬ 
mic  acid  resulting  from  the  hydride  ion  abstraction  by  carbon  dioxide.  It  was  possi¬ 
ble  the  formic  acid  could  come  from  the  solvent,  N,N-dimethylformamide.  We 
checked  this  source  of  formic  acid  by  reducing  N-bromo-p-methoxybenzamide  in 
exactly  the  same  manner  as  previously  described  except  we  lowered  the  reduction 
potential  to  -  1.0  volt.  This  voltage  was  higher  than  the  one-electron  reduction  but 
lower  than  the  two-electron  reduction  which  was  responsible  for  generating  the  nitro¬ 
gen  anion  intermediate.  The  exact  procedure  was  followed  in  the  removal  of  sol¬ 
vent  and  in  the  extractions  of  the  residue  with  ether.  However,  when  the  steam 
distillate  was  analyzed  on  the  gas  chromatograph,  no  trace  of  formic  acid  was  found. 
Consequently,  the  formic  acid  was  formed  from  the  abstraction  of  the  hydride  ion 
by  carbon  dioxide  at  a  potential  (  -  1.75v)  more  negative  than  that  for  the  two  elec¬ 
tron  reduction  ( -  1.72v)  but  less  negative  than  that  for  the  reduction  of  the  car¬ 
bonyl  amide  linkage  (-2.22v). 

The  unsuccessful  attempt  at  identifying  the  residue  may  in  part  be  caused  from 
a  reaction  between  the  solvent  and  the  reaction  intermediate.  N,N-Dimethylformamide 
has  been  reported  to  react  with  isocyanates  to  form  cyclic  compounds  (Weiner,  1960 
and  Ulruk,  1968).  Consequently,  the  residue  which  was  insoluble  in  hot  ether,  hot 
5  %  hydrochloric  acid  and  hot  benzene  is  possibly  polymeric  or  a  high  molecular 
weight  addition  product  of  the  solvent. 

We  also  checked  for  the  formation  of  a  nitrogen  to  phenyl  linkage  by  hydrolyz¬ 
ing  the  insoluble  residue  in  basic  solution.  The  residue  was  refluxed  in  a  50/50  mix¬ 
ture  of  water  and  ethylene  glycol  that  was  2.5m  in  sodium  hydroxide.  The  residue 
was  refluxed  for  4  hrs  and  steam  distilled.  The  distillate  was  extracted  3  times  with 
diethyl  ether,  and  the  ether  extract  was  analyzed  by  gas  chromatography  which 
revealed  peaks  for  only  ether  and  water.  No  p-anisidine  was  found  on  the  3%  sili¬ 
cone  column  at  180° C.  We  theorized  that  if  the  nitrene  were  formed  and  rearranged, 
a  nitrogen  to  phenyl  linkage  would  form.  Thus,  if  one  hydrolyzes  the  residue  from 
the  electrolytic  reductions,  the  presence  of  p-anisidine  would  support  the  nitrene 
as  an  intermediate. 

From  the  infrared  spectrum  of  the  residue,  which  has  a  carbonyl  stretch  at  1700 
cm~h  and  its  negative  test  for  p-anisidine  upon  hydrolysis,  these  results  also  sug¬ 
gest  the  residue  is  polymeric  with  a  phenyl  ring  attached  to  the  carbonyl  group  and 
not  to  a  nitrogen. 

To  ascertain  if  the  polarographic  currents  were  kinetic  currents,  adsorption  cur¬ 
rents  or  diffusion  controlled  currents,  four  N-bromobenzamides  {N- 
bromobenzamide,  N-bromo-p-chlorobenzamide,  N-bromo-p-methylbenzamide  and 
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N-bromo-p-methoxybenzamide)  were  run  at  mercury  heights  of  39,  49,  59,  69  and 
79  cm.  The  diffusion  currents  for  the  first  reduction  wave  were  plotted  vs.  the  square 
root  of  mercury  height  and  in  each  case  a  linear  positive  slope  was  observd  which 
suggests  a  diffusion-controlled  current  was  produced. 

The  half-wave  potential  of  the  second  reduction  was  plotted  vs.  the  Hammett 
substituent  constants  and  a  positive  slope  was  observed  (Figure  6).  A  positive  slope 
suggests  that  the  reactive  intermediate  has  a  negative  charge  in  the  transition  state, 
and  that  electron-contributing  groups  stabilize  this  transition  state  (Streitwieser,  1964 
and  Sease,  1964).  This  would  be  the  case  if  the  N-bromobenzamides  reduced  with 
two  electrons  to  form  the  nitrogen  anion. 

CONCLUSIONS 

N-Bromobenzamides  are  reduced  at  the  dropping  mercury  electrode  in  three 
waves.  The  second  wave  generated  a  nitrogen  anion  which  was  the  precursor  to 
the  hydride  ion.  This  hydride  ion  was  abstracted  by  carbon  dioxide  to  form  formic 
acid.  Only  in  the  case  of  N-bromo-p-methoxybenzamide  was  formic  acid  produced. 
In  addition,  no  formic  acid  was  produced  at  a  potential  less  than  the  reduction  poten¬ 
tial  of  the  second  wave  and  higher  than  the  reduction  potential  of  the  first  wave. 
A  Hammett  sigma-rho  plot  substantiated  the  formation  of  a  negative  transition  state 
in  the  rate  controlling  step  of  the  mechanism. 

Table  1.  Polarographic  Half  Wave  Potentials  and  Diffusion  Current  Constants 
for  N-Bromobenzamides 


Half 

wave 

Diffusion 

potential  (volts) 

current  constant 

Compound 

El/2 

El/2 

El/2 

(1st  wave) 

(2nd  wave) 

(3rd  wave) 

Id 

N-bromobenzamide 

-0.27 

-  1.54 

-2.14 

0.784 

N-bromo-p-methylbenzamide 

-0.23 

-1.57 

-2.15 

0.730 

N-bromo-p-chlorobenzamide 

-0.20 

-  1.46 

-1.86 

0.600 

N-bromo-p-methoxybenzamide 

-0.21 

-1.72 

-2.22v 

0.771 

N-bromo-m-methoxybenzamide 

-0.25 

-  1.64 

-  .2.21v 

0.750 
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Fig.  6  El/2  vs.  Hammett  Substituent  Constants 
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ABSTRACT 

Hydrogen  gas  was  liberated  from  protie  solvents  (aleohols)  whieh  contained 
a-hydrogens.  Potassium  hydroxide  was  the  reactant  required  to  produce  hydrogen 
at  temperatures  of  200°C  or  higher.  Alcohols  studied  in  these  reactions  were  ethyl, 
isopropyl,  n-butyl  and  t-butyl  alcohols.  Temperatures  varied  from  150°C  to  265°C. 

INTRODUCTION 

Several  papers  have  appeared  in  the  literature  suggesting  that  hydrogen  was 
generated  from  primary  and  secondary  alcohols  with  alkali  at  elevated  tempera¬ 
tures.  Ross  (1979)  suggested  that  a  hydride  ion  was  responsible  for  the  increase  in 
solubilization  of  coal  in  pyridine  when  it  was  treated  with  sodium  hydroxide  in 
isopropyl  alcohol  as  the  solvent.  Ouchi  (1981)  observed  the  same  effect  when  he 
reported  almost  100%  solubilization  in  pyridine  of  young  coals  (C  <  82  wt%)  when 
they  were  reacted  with  alkali  in  ethyl  alcohol.  He  attributed  the  increase  in  solubili¬ 
zation  to  hydrolysis  accompanied  by  the  formation  of  hydrogen  from  the  ethyl 
alcohol. 


CH3CH2OH  +  OH- 


9 


- >CH3-C-0-  +  2H 


Ouchi  also  suggested  methyl  alcohol  as  a  precursor  to  hydrogen  in  his  Taiheiyo 
coal  experiments  which  gave  similar  results  to  the  ethanol  reactions  (1978).  In  all 
of  Ouchi’s  experiments,  he  did  not  experimentally  prove  or  measure  the  concentra¬ 
tion  of  hydrogen.  Consequently,  in  our  experiments  we  have  established  unequivo¬ 
cally  that  hydrogen  is  produced  from  primary  alcohols,  and  secondary  alcohols, 
but  not  tertiary  alcohols. 
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MATERIALS  AND  METHODS 

The  gas  chromatographic  column  was  a  2.5  cm  (i.d.)  x  2.9  m  copper  tube 
packed  with  molecular  sieve,  activated,  Type  13X(40-60  mesh)  absorbent  (Panson, 
1964).  The  column  temperature  was  100°C  with  a  60  ml/min  flow  rate  of  helium. 
Retention  times  were  hydrogen,  1  min;  oxygen  1.3  min;  nitrogen  2  min  and  methane 
3.2  min.  The  bomb  used  in  these  experiments  was  a  Parr  Bomb  (Model  No.  4714). 
The  reactions  were  run  with  1  g  of  potassium  hydroxide  and  30  ml  of  solvent.  The 
solvent  was  purged  with  nitrogen  prior  to  use,  and  the  reaction  vessel  was  purged 
with  nitrogen  before  sealing  the  vessel. 

The  gas  samples  were  collected  directly  from  the  Parr  bomb  after  cooling.  The 
samples  were  collected  in  rubber  balloons,  and  the  gas  chromatographic  gas  syringe 
penetrated  the  balloon  through  a  piece  of  scotch  tape.  Several  samples  could  be  taken 
from  the  balloon  by  this  method. 

The  reaction  times  varied  from  1  h  to  as  long  as  24  h.  Pressure  would  rise  rapidly 
(1  h  to  250°)  and  the  pressure  for  isopropyl  alcohol  was  1900  psi.  It  would  rise  slowly 
to  reach  its  maximum  pressure  (2300  psi)  when  the  reaction  was  stopped.  No  reactions 
were  run  to  ascertain  how  high  the  pressure  would  reach.  Other  alcohols  responded 
similarly  to  isopropyl  alcohol.  The  results  of  these  tests  are  given  in  Table  I. 


RESULTS  AND  DISCUSSION 

In  each  case,  hydrogen  gas  was  generated  for  all  solvents  except  t-butyl  alcohol. 
However,  below  200°C,  the  amount  of  hydrogen  generated  was  negligible  (less  than 
0.01  m  moles).  Small  quantities  of  hydrogen  also  are  generated  after  1  h  with  ethyl 
and  n-butyl  alcohols  where  0.166  and  0.306  m  moles  of  hydrogen  were  produced, 
respectively.  The  t-butyl  alcohol  was  the  only  alcohol  which  didn’t  produce  hydro¬ 
gen.  This  can  be  explained  on  the  basis  that  it  is  a  tertiary  alcohol  and  does  not 
possess  an  a-hydrogen  which  must  be  the  precursor  to  the  hydrogen  radical.  Isopropyl 
alcohol  was  not  run  at  the  1  h  reaction  time. 

Methane,  albeit  in  small  quantities,  was  formed  in  both  isopropyl  and  ethyl 
alcohol,  but  not  in  n-butyl  alcohol.  This  can  be  explained  by  the  fact  that  the  a-B 
carbon-carbon  bond  cleavage  will  produce  a  methyl  radical  with  both  isopropyl 
and  ethyl  alcohol,  but  with  n-butyl  alcohol  an  a-B  bond  cleavage  would  produce  an 
ethyl  radical.  No  evidence  for  ethane,  however,  was  found  in  the  gases  produced 
from  the  n-butyl  alcohol  reaction.  The  a-B  carbon-carbon  bonds  next  to  a  heteroatom 
are  more  labile  (Silverstein  et  ah,  1981),  and  results  in  the  methane  production. 

Since  hydrogen  was  generated  with  1  g  of  potassium  hydroxide,  we  reacted  ethyl 
alcohol  and  n-butyl  alcohol  without  the  potassium  hydroxide  present.  Both  solvents, 
without  the  potassium  hydroxide  present,  were  reacted  in  the  same  manner  as  previ¬ 
ously  at  a  temperature  of  250 °C  for  1  h.  Hydrogen  was  present,  but  only  in  trace 
amounts  (less  than  0.01  m  moles).  Consequently,  the  alkali  is  undoubtedly  respon¬ 
sible  for  the  hydrogen  gas  generation  in  alcohol  solvents  as  suggested  by  Ouchi  et  ah 

We  attempted  to  isolate  the  oxidized  products  from  the  reactions  of  ethyl  and 
isopropyl  alcohol  which  would  be  acetic  acid  and  acetone,  respectively.  In  each 
case  the  solvents  (ethyl  and  isopropyl  alcohol)  were  removed  below  90 °C  by  rotary 
evaporation.  The  distillate  was  analyzed  by  gas  chromatography  and  indicated  no 
peaks  for  acetone  or  acetic  acid. 
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The  distilland  was  dissolved  in  water  and  acidified  with  hydrochloric  acid  to 
neutralize  any  potassium  acetate  present.  The  acidified  aqueous  layer  was  extracted 
several  times  with  diethyl  ether  in  order  to  extract  any  acetone  or  acetic  acid  in 
the  aqueous  layer.  A  yellow  color  from  the  aqueous  layer  was  extracted  into  the 
ether  layer  which  was  dried  with  anhydrous  magnesium  sulfate  and  rotary  evapo¬ 
rated  to  dryness  which  left  a  yellow  semisolid  as  residue.  This  yellow  residue  was 
run  on  the  IR  and  NMR,  and  a  carbonyl  peak  at  1720  cm~^  was  observed  for  the 
ethanol  residue  and  a  carbonyl  peak  at  1660  cm“^  was  observed  for  the  isopropyl 
residue. 

Both  NMR  spectra  of  the  residues  revealed  unresolved  multiplets  in  the  aliphatic 
regions  of  the  spectra.  Consequently,  since  no  trace  of  acetic  acid  or  acetone  were 
found,  the  oxidized  products  from  ethyl  and  isopropyl  alcohol  must  have  formed 
condensed  and/or  polymeric  compounds. 

SUMMARY 

Primary  and  secondary  alcohols  which  contain  a-hydrogens  will  liberate  hydro¬ 
gen  in  the  presence  of  potassium  hydroxide  at  temperatures  between  200  °C  and 
265°C,  inclusively.  Methane,  in  small  quantities,  was  liberated  with  ethyl  alcohol 
and  isopropyl  alcohol,  but  not  n-butyl  alcohol. 
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Table  1.  Hydrogen  Analysis* 


Solvent 

Temp. 

Gases 

(m  moles)** 

Time 

of 

Reaction 

Maximum 

Pressure 

(psi) 

Ethyl  Alcohol 

240° 

H2(0.410) 

CH^(0.017) 

18  h 

2,050 

Ethyl  Alcohol 

200° 

H,(0.360) 

CH,(0) 

18  h 

1,150 

Ethyl  Alcohol 

150° 

H„(trace) 

CH,(0) 

18  h 

200 

Isopropyl  Alcohol 

250° 

H2(0.370) 

CH, (0.171) 

24  h 

2,300 

Isopropyl  Alcohol 

250° 

H2(0.282) 

CH4(0.087) 

0^(0) 

18  h 

1,550 

Isopropyl  Alcohol 

200° 

H2(0.282) 

0^(0.017) 

CH,(0) 

18  h 

1,000 

n-Butyl  Alcohol 

265° 

H,(0.306) 

CH,(0) 

1  h 

1,860 

Ethyl  Alcohol 

250° 

H,(0.166) 

CH,(0) 

1  h 

2,025 

t-Butyl  Alcohol 

250° 

H2(0) 

CH,(0) 

24  h 

580 

*  reactions  were  run  with  30  ml  of  solvent  and  1  g  KOH. 

**reaction  vessel  was  52  ml  in  volume,  and  m  moles  were  calculated  from  the  volume  precentages  from 
the  g.c.  and  the  volume  of  gases  in  the  Parr  bomb  (52  ml-30  ml). 
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ABSTRACT 

A  microcomputer  program  is  presented  for  the  determination  of  stepwise  sta¬ 
bility  constants  for  metal  complexes.  The  constants  are  statistically  corrected,  and 
the  graphic  output  includes  the  distribution  diagram.  Application  of  the  method 
is  illustrated  for  the  formation  of  zinc  ammine  complexes. 


INTRODUCTION 


The  formation  of  complexes  between  a  metal  ion  and  a  series  of  ligands  can 
be  described  by  the  following  equations. 


M  +  L 


ML  +  L 


:>  ML 
ML, 


(1) 


ML  ,  +  L  ^ - >  ML 

n-1  <  n 

The  equilibrium  constants  for  each  successive  reaction  can  be  written  as 


K  =  6i_i 

[ML^] 

[M][L] 

i-1 

where  =  j  | 

j=i 

*  Author  for  correspondence. 

(2) 
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The  equilibrium  constant,  Kj,  for  a  particular  step  is  often  referred  to  as  a  stabil¬ 
ity  constant  for  the  complex  formed.  The  problem  in  this  type  of  study  is  to  deter¬ 
mine  the  values  of  the  K.  (frequently  with  i  =  6)  from  experimental  data  (Jones, 
1964).  This  is  frequently  a  laborious  and  difficult  procedure  and  many  approaches 
have  been  used  (Jones,  1964).  A  numerical  method  for  the  computation  of  these 
stability  constants  using  a  microcomputer  is  presented  in  this  work. 


METHOD 


Bjerrum  (1941)  derived  an  equation  which  described  the  average  number  of 
ligands  bound  to  a  metal  for  a  given  system.  This  quantity  is  more  commony  referred 
to  as  a  formation  fraction.  Bjerrum’s  equation  expressed  the  formation  fraction  as 
a  function  of  ligand  concentration  and  the  stability  constants.  This  relationship  is 
n 


•L 


where  n  is  the  formation  fraction.  Several  methods  use  a  form  of  Eq.  (3)  to  deter¬ 
mine  the  stability  constants  for  a  given  system  (Rossotti  and  Rossotti,  1961;  Beck, 
1970).  The  majority  of  the  methods  proposed  are  graphical  methods  whose  results 
are  approximations  to  the  true  solutions.  Exact  analytical  solutions  have  been  der¬ 
ived  for  systems  containing  three  or  fewer  steps  (Block  and  McIntyre,  1953).  How¬ 
ever,  most  equilibria  for  the  formation  of  coordination  complexes  involve  more  than 
three  steps. 

The  method  presented  here  can  be  used  for  equilibria  involving  any  number 
of  steps.  It  is  based  on  Eq.  (3)  which  is  rearranged  to  yield 
n 

(n-i)6^[L3^ 
i=l 

Eor  n  stepwise  additions,  Eq. 
given  by  Eq.  (5). 


=  0  (4) 

(4)  can  be  expanded  to  apply  to  the  matrix  system 


°1 

c 

r 

n» 

c 

n» 

n 

n 

AC=N’  or 


(5) 


f 
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Where  the  maxtrix  elements  are  defined  by 


II 

•H 

(6) 

(7) 

i 

i 

f  _ 

i“ 

.Hi 

(8) 

For  an  n-step  process,  n  formation  fractions  at  n  different  ligand  concentrations 
must  be  determined.  This  is  done  experimentally  using  appropriate  techniques  such 
as  spectrophotometry,  conductance  or  some  other  applicable  method.  The  particu¬ 
lar  method  used  is  dependent  upon  the  system  being  studied.  Once  the  necessary 
number  of  formation  fractions  and  ligand  concentrations  are  known,  the  A  and  N 
matrices  may  be  computed.  The  solution  of  Eq.  (5)  for  the  C  matrix  may  be  carried 
out  by  any  of  the  several  algorithms.  The  computer  program  developed  in  this  work 
uses  a  Gauss-Jordan  elimination  to  solve  for  C.  Statistically  adjusted  stability  cons¬ 
tants  are  corrected  constants,  which  reflect  the  number  of  sites  available  for  coor¬ 
dination  during  each  step  (Jones,  1964).  The  statistically  adjusted  stability  constants 
are  defined  by 

_ (9) 

n+1-i  / 


where  i  identifies  the  constant  in  question  and  n  is  the  total  number  of  available 
bonding  sites.  The  program  calculates  stability  constants  as  well  as  statistically 
adjusted  stability  constants  given  appropriate  formation  fractions  and  ligand  con¬ 
centrations.  The  program  also  plots  a  distribution  diagram  for  the  series  of  com¬ 
plexes.  The  quantity  (identified  as  ALPHA  in  the  output)  used  in  the  distribution 
plot  is  defined  (Butler,  1964)  as 

=3^[K]^a^ 


where  ^  (10) 

i=l 


A  complete  listing  of  the  program  for  the  Commodore  64  microcomputer  with 
Simon’s  BASIC  extension  and  the  Commodore  1525  graphics  printer  is  given  in  the 
Appendix.  The  program  can  be  easily  modified  for  other  computer  systems. 

PROGRAM  DESCRIPTION 

The  program  was  written  to  run  on  a  Commodore  64  microcomputer  using 
Simon’s  Basic.  The  algorithm  used  to  solve  the  system  of  matrices  was  adapted  from 
that  given  by  Miller  (1981).  Table  1  contains  a  brief  description  of  the  different 
parts  of  the  program.  The  run  time  required  for  the  Zn(II)  ammonia  system  described 
earlier,  was  approximately  20  seconds.  Operation  of  the  program  is  simple.  During 
its  operation,  the  user  is  prompted  for  all  of  the  input  data,  which  are  then  dis¬ 
played  on  the  screen.  The  user  is  given  the  opportunity  to  change  any  or  all  of  the 
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input  data.  Once  satisfied  that  all  of  the  data  are  correct,  the  only  other  user  inter¬ 
action  is  to  give  the  computation  a  descriptive  title.  A  sample  output  is  included 
with  the  application. 

Table  1.  A  general  description  of  the  different  parts  of  the  computer  program 
used  to  calculate  stability  constants. 


Lines 

Description 

100-490 

Contains  all  data  input  routines 

500-600 

Computes  A  and  N  matrices 

620-1730 

Solves  AC  =  N’  for  C  by  Gauss-Jordan  elimination 

1760-2080 

Contains  the  printer  output  routines 

2100-3000 

Contains  the  graphics  routines  used  to  generate 
the  distribution  diagram 

5000-5050 

Contains  a  scaling  routine  used  to  calculate 

Pixel  coordinates  on  a  320  x  200  Pixel  bit  mapped 
screen 

APPLICATION  OF  THE  METHOD 

In  order  to  illustrate  the  use  of  the  method,  the  stepwise  formation  of  complexes 
between  Zn(II)  and  ammonia  will  be  considered.  This  has  been  previously  studied 
and  the  equilibria  can  be  shown  as  follows  (Bjerrum,  1941;  Yatsimirskii  and  Vasil’ey, 
1960). 


It?*  +  NH 

ZnNH 

ZnNH  +  NH 

Zn(NH 

Zn(NH  +  NH 

<- 

- >  Zn(NH  ) 

Zn(NH2)3^'^  +  NH 

<- 

- >  Zn(NH 

In  this  case,  four  formation  fractions  at  four  ligand  concentrations  are  necessary 
for  the  computation.  These  input  data  are  given  in  Table  2. 


Table  2.  Formation  fractions  and  ligand  concentrations  used  in  the  calculation 
of  stability  constants  for  the  Zn(II)  ammonia  system. 


Formation  Fraction 

Ligand  Concentration 

0.330 

1.00  X  10-^ 

0.857 

2.00  X  10-3 

2.366 

5.00  X  10-3 

3.250 

1.00  X  10-2 

Data  from  Yatsimirskii  and  Vasil’ey,  1960. 
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The  calculated  stability  constants  and  statistically  adjusted  stability  constants  for 
each  step  are  given  in  Table  3,  and  the  distribution  diagram  is  shown  in  Figure 
1.  The  Zn(II)  ammonia  system  provides  an  excellent  example  of  the  importance 
of  using  statistically  adjusted  stability  constants.  The  stability  constants  in  this  case 
predict  the  four  coordinate  Zn(II)  complex  to  be  the  least  stable.  However,  it  is 
well  known  that  the  four  coordinate  complex  is  the  most  stable  (Yaksimirskii  and 
Vasil’ey,  1960). 

Table  3.  Comparison  of  results  obtained  from  the  computer  program  with  experi¬ 
mental  results.  K  =  stability  constants,  K’  =  statistically  adjusted  sta¬ 
bility  constants. 


Step 

K 

K’ 

%  Difference 

1 

2.34 

X 

102 

5.84 

X 

10' 

2.34 

X 

102 

0.0 

2 

2.79 

X 

102 

1.86 

X 

102 

2.75 

X 

102 

1.1 

3 

3.10 

X 

102 

4.65 

X 

102 

3.16 

X 

102 

1.9 

4 

1.43 

X 

102 

5.73 

X 

102 

1.41 

X 

102 

1.4 

^From  Bjerrum,  1941. 


The  method  described  in  this  article  will  simplify  the  computation  of  stability 
constants  for  systems  involving  complex  equilibria.  It  may  also  have  application 
to  other  systems  where  there  are  competing  reactions.  The  program  can  be  adapted 
to  other  microcomputers  which  have  bit  mapped  graphics  support. 
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APPENDIX 


1  <' )  Rt:  hi  K  x  K  *  K' ■>>  y.-  y- *  ■«•  y-  y  x  y  y  y  y  if  if  y  y  y  y  y  y  y  y  y 


X  'r,  I  ^  t-  M  if  S  TABU,  f  1‘  Y  C  H  N  !.5  T'  A  N  T  » 

20  h<RM  K  CAL.GIII...  AT  OR  * 

2hj  M  *■  * 

•So  RLM  N  BYs  A.  SriCIIMm  * 

.52  REM  if  E.  HOUSE  JR,  »f 

■5  0  lY  I::.  M  y  y  y-  y  y  y-  y  y  y  y  *  x- « y  y  y  y  x-  x  *  x  x  x-  x  y  *  x  x 

40  REM  X  I  Mh'OR  I  AN  I  VARIABLES  x 

45  REM  *  FO  FORMATION  F-R  ACT  IONS  x 

SO  REM  X  LO  I...IGAND  CONCEN  I  RA  I  I UNS  x 

55  REM  X  N<,)  LONS  I  AN  I  MATRIX  x 

60  REM  X  B(,)  MAIN  MATRIX  x 

65  REM  x  SOLO  I  ION  MATRIX  x 

70  REM  X  K()  EQUIl.  IBRIUM  CONSTANTS  x 

75  REM  x  NT  tt  OF  COMPLEXES  x 

0<I>  R1;:ITT  X  y  X  y  y  y  y  y  y  X'  x  x  x  x  x  x  x  x  x  x  x  x  x  x  x-  x  x  -x  x  x  x 


S5  REM  2 

90  REFT  xxxxx  I  NF4.I  T  ROUTIT-TEiS  xxxxxxxxxx 

1 00  D  1 1^11 .  <  8 )  ,  I"  ( a  >  ,  F::  (ST  ,  A  (  6 , 6 )  ,  FI  <  6 , 6 )  ,  C  (  6 , 6 )  ,  N  ( 6 , 6 )  ,  CF^:;  (6,6) 

1  1 0  F  ■  R  I  NT"  ■(  S  >  C  0  M  F“'  L .  EX  F:!  Q  U 1 1. .  I  B  R  I  I..I  M  L;  A  I,. .  C I )  L.  A '  T  0  F^ ' ' 

120  INPUT  "  tCBI- <;CD  )  ICDI  EN  TER  NUMBER  OF  COMPLEXES  TO  BE 
130  N2=Mvll  2  N.5=^l  2  F  6^^U 

140  PRINT " ISCIFOR" ; N1 ; "COMPLEXES  THE  FOLLOWINO  DATA  MUST  BE 
1 50  PR  I NT"  CCDI " ; N 1 ;  "  FORMAT  ION  FRAC  T I ONS " 

160  PR I MINI;"  LIGAND  CONCENTRATIONS" 

1/0  IMYINT"  CRV.)-  CROI  " 

1 8  o  I-'  lY  INI"!;  c  D  -I  L;  D  ;>  ■(■  c  D  :)■  {■  F-^  V  :> 

190  ERIN  T"  1  HI  AL  FRMTN  FRAC  I:;l:]" 

200  PR  1  N  T  "  " 

2  1  0  T-  (.JIY  I  1  I  (:.)N  1 
220  PR IN  I  I 


CONSIDERED" 

ENTERED" 


■!:ro:> 


N1 


230 
240 
250 
260 
270 
2B0 
290 
■500 
;3  1 0 
320 
330 
340 
350 
;56'..> 
370 
380 
390 
4<..iO 
4 1 0 
420 
430 
440 
450 
460 
4  70 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 


NEXT  I 


PRINT  "  LCDj-  IRV; 

FOR  I " 1  ION 1 

PRINT "  i:hm;)-  tCDi  I  CD  I  iCDi  ccL)>  icd:)- 
I NPU  T " FORMA  T  I ON  FRAC  T I ON " ; F ( I ) 
PR  IN  1  "  tCLU 

INPl.)  T"  ecu > LIGAND  CONCENTRATION 
PRINT" fCUJ 


I  CD  3  I  CL) 


"  ;  L  (  I  ) 


TR  I  Al... "  ;  I 


CROI 


tl 


PR  I N  T  AT  (8,1  +  14)""  +STRT  ( F  (  I  )  )  AT  (24,1+14)""  +S  T  R:J  ( L  (  1  )  ) 


NEXT! 

F-'ROC  CORF^ECT  ION 

F'  R I N  T  "  IF  I M  T:  C  D  3  I L;  D  I C  D  3  I C  D  3  I C  D  3  1 1.;  D  3  I C  D  }  DO  YOU  W I S  T I 
INPU  T"  (  Y/FJ)  "  ;  QT 
1FQ:F=^"N"  THENCALL  SE  TUP 
PRINT" ICUJ ICU3 


TO  MAKE  ANY  CORRECTIONS" 


II 


PR  I N  T  " 


INPUT  " 
PRINT" 
PRIN  I 
PF’I  I N  I  " 
INPL.)  I  " 
PR  1 N  T " 
I NPL.)  T  " 
PR I NT " 
PR  I  N  T 


ICU3 I CD 3  TRIAL  ;  i 

ICU3 

FT  T  (  7  ,  1  +  14)  "  X XXX XXX  X  X  X  XX X  X  XX  XX  X  XX  X XX XX  X  X  X 


{HM3 I CD 3  I CD 3 100  3  I CD 3  I CD 3 
F  ORMA  T  1 ON  F  RAC  T I ON " ; F ( 1 ) 
ICU3 

■I  C  U  3  L..  1  G  A  N  D  L.  0  N  C  E  N  I  R  A  I  ION 
ICU3 

AT  (7,1  +  14)" 


I CD 3 {CD3 TRIAL" 


"  ;  I .  ( I  ) 

It 


.[ 


II 


PR  1  N  T  A  T  (8,1  +  14)""  +STRi:  ( F  (  I  )  )  A  T  ( 24  ,  I  +  14)""  +S  TRi-  ( L.  (  I  )  ) 
CALL  CORRECTION 


REMxxxx  SET  UP  MATRICES  xxxxxxxx 
PROC  SETUP 
F  OR  1  =•■  J.  I  ON  1 
F0RJ=1 TONI 

A(1  ,J)=^-(F(I)“J)xL(I)-J 

NEX  T  J 

NEXT! 

FOR  I  ==  1  T  ON  1 
N ( 1 , 1 ) =-F ( I ) 

NEX  TI 
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^2'0  REM  ****  SOLVE  MA  I  RICES  **-x-****** 

630  G0SUB670 

640  GaSUB16/0 

650  STOP 

670  F3=0 

680  REM : 15=1 

690  REM:N3=:l. 

700  PGRI=1  TG  N2 
710  F0RJ=1T0N2 
720  A2 ( I , J ) =A ( I , J) 

730  NEXTJ 

740  FQRJ=1TGN3 

750  C(I ,a)=N(I , J) 

760  NEXTJ 

770  CK(I,3)=0 

780  NEXri 

790  F2=l 

800  FOR I  =  1 r  0N2 

840  F1=0 

850  F0RJ=1TGN2 

860  1 F ( CK ( J , 3 ) = 1)  rHEN950 

870  F0RK=1T0N2 

880  I F ( CK ( K , 3 ) > 1 ) THEN 1 630 

890  I F ( CK  <  K , 3 ) = 1) THEN940 

900  I F  ( F 1 >=ABS ( A2 ( J , K )  )  ) THEN940 

910  F4=J 

920  F5=K 

930  F 1 = ABS ( A2  <  J , K )  ) 

940  NEXTK 
950  NEXTJ 

960  CK(F5,3)=CK(F5,3)+1 

970  CK (1,1) =F4 

980  CK(I,2)=F5 

1 000  I F ( F  4=F5 ) THEN 1 1 40 

1010  F2="-F2 

1020  F0RL=1T0N2 

1030  TP=A2(F4,L) 

1 040  A2  ( F4  ,  L. )  =A2  ( F5  ,  L ) 

1050  A2<F5,L)=TP 
1060  NEXTL 

1 070  I F ( N3< 1 ) THEN 1 1 40 
1080  F0RL==1T0N3 
1090  TP=C(F4,L) 

1100  C (F4,L)=C(F5,L) 

1110  C(F5,L)=TP 

1120  NEXTL 

1140  F7=A2(F5,F5) 

1150  F2=F2kF7 
1160  A2(F5,F5)=1 
1170  F0RL=1TGN2 
1 1 80  A2  < F5 , L) = A2 ( F5 , L ) / F7 
1190  NEXT!.. 

1 200  I F ( N3< 1 ) THEN 1 260 

1210  FGRL=1TGN3 

1 220  C ( F5 , L ) =C ( F5 , L) / F7 

1230  NEXTL 

1260  FGRL1=1T0N2 

1 270  1  F  ( L.  1  =F5 )  THEN  1  370 

1280  T=A2(L1,F5) 

1290  A2(L1,F5)=0 
1300  F0RL=1TGN2 

1 3 1  0  A2  <  L 1  ,  L )  =A2  <  L 1  ,  L. )  --  A2  ( F5 , 1. )  *  T 
1320  NEX  I'L 

1 330  I F  ( N3< 1 ) THEN 1 370 
1340  FGRL=1TGN3 

1 350  C ( L 1 , L ) =C ( L 1 , L  > “C ( F  5 , L ) *  T 

1360  NEXTL 

1370  NEXTLl 

1380  NEXT  I 

1390  F0RI=1T0N2 

1400  L=N2-I+1 

1410  I F ( CK  <  L , 1 ) =CK ( L , 2 )  ) T  HEN 1 490 
1420  F4=CK(L,1) 

1430  F5=CK<L,2> 
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1440  F0RK=1T0N2 
1450  TP=A2(K,F-4) 

1460  A2(K,F4)=A2(K,F5) 

1470  A2(K,F5)=TP 
1480  NEXTK 
1490  NEXT! 

1500  FGRK=1TGN2 

1510  IF  (CK  (K,3)<  1  )  THEN1630 

1520  NEXTK 

1530  F3=0 

1 540  I F-  ( F6=  1  )  THEN  1 650 
1550  FGRI=1TGN2 
1560  FGRJ=lTaN2 
1570  PRINTA2< I , J) ; 

1580  NEXTJ 
1590  PRINT 
1600  NEXT! 

1620  RETURN 
1630  F3-^l 
1650  RETURN 
1660  E.ND 

1670  K  < 1 ) =C ( 1 , 1 ) 

1675  PRINT"  t GO" 

1680  FGRI-^2TaNl 
1 690  F:;; ( I )  =c (1 , 1 )  /c;; ( I -•  i ,  i ) 

1700  NEXT I 

1710  FGRI=1TGN1 

1 720  K2 ( I ) =K (I ) *( I / ( N 1 4 1  - 1 )  ) 

1730  NEXT! 

1750  : 

1760  REM  OUTPUT  ROUTINE  **•»* 

1770  PROG  OUT 
1 780  I NPUT  "  C  BO  T I  TEE  "  ;  T:*' 

1790  P0KE53265, PEEK (53265) AND239 
1800  OPEN 1,4 
1810  L=LEN(Ti-) 

1 820  SP=  I  NT  (  <  80--L*2 )  /  2 )  -- 1 
1830  FOROITOBP 
1840  PRINT#1  ,  ; 

1850  NEXT  I 
1860  PR I NT# 1," 

1 870  PR  I  NT#  1  ,  GF^R#■  (14)  TT ; 

1880  PRINT#  1  ,CHR^:  (  15)  "  "; 

1890  FGRI=1TGSP: PRINTttl , ; 

1895  NEXT! 

1 900  PR I NT# 1 , CHR* ( 1 0 ) 

1 90 1  PR  I  NT#  1  ,  CHR.t  (  1 0 ) 

1902  PRIN  r#l  ,CHR^  (  14)  "STAFilLITY  CONSTANTS" 

1903  FOR  I  I  T  050 

1 904  PR  I  NT#  1  ,  CHRT  (IS)"-?"; 

1905  NEXT! 

1910  PR  I NT# 1 

1 930  PR 1 NT# 1 , GHR* ( 1 6 ) " 0 1 STEP " ; 

1940  PR  I N  T# 1 , CHRT (16)  " 20K " ; 

1 950  PR I NT# 1 , CHR* (16)" 40K ' " 

1 960  FOR I = 1 r050 
1970  PRINT#!,"-?"; 

1980  NEXT! 

1990  PR  I NT# 1 

2000  FORI ”1  TONI 

20 1 0  PR  I  N  T  #  1  ,  CFHRT  ( 1 6 )  "  0  1  "  ;  I  ; 

2020  PR I NT# 1 , CHRT ( 1 6 ) " 1 5 " ; K ( I ) ; 

2030  PR  I  N  T#  1  ,  CFHRf  (16)"  35  "  ;  K2  (  I  ) 

2040  NEXT! 

2050  F0RI=1T050 
2060  PR1NT#1  ,"<?"; 

2070  NEXT! 

2 0 7 5  P  R I N  T  #  1  ,  C  F  ( R  T  (  1 0 ) 

2080  PR  I  NT#  1  ,  CFHRT  (  1 0 ) 


20E-)5  PR  I N  T  #  1  ,  CHR-4:  (14)  "  D I  SIR  I  BUT  ION  D I AGRAM  " 

2086  CLOSE 1 
2090  : 

2100  REM  ***  DISTRIBUTION  DIAGRAM  *** 

2110  P0KE53265,PEEK(52365)0R16 
2120  HIRESO,! 

2130  REC  0,0,319,199,1 

2 1 40  X  I  1.5:  X  A=4 :  Y  I  ,  1 5  s  YA=  1 

2150  X=-l : Y"0: EXEC  SCALE 

2160  LINEX , Y, X ,0, 1 

2170  LINEX ,Y, 319, Y, 1 

2180  X1^X:Y1=Y 

2 1 90  FOR  I  = .  1  T'0 1  STEP .  1 

2195  P=48+I*10 

2200  Y= I : X  =  1 : E X EC  SCALE 

22 10  LI NE  (  X  1  --2 )  ,  Y  ,  (  X  1  +2 )  ,  Y  ,  1 

22 1 5  CHAR ( X 1 - 1 0 ) , Y-4 , P , 1 , 1 

2216  CHAR (X 1-17) , (Y~4) ,46,1,1 
2220  NEXT  I 

2230  FOR I =- . 5T04STEP . 5 
2240  X==I :  Y=1 :  EXEC  SCALE 
2250  LINEX, <Yl-2) ,X, (Yl+2) ,1 

2260  I F I  =  I NT  < I ) THENF-48+ I : CHAR ( X-3 )  ,  ( Y 1 +4 )  , P , 1 , 1 
2270  NEXT! 

2280  TEX  I  1 50 , 1 90 , "  I ^2 } P  C T 1 >  L L I " , 1 , 1 , 8 

2290  TE X T 1 , 75  ,  C #  1  }  A  "  ,  1  ,  1  ,  1 

2300  TEXT  1,87,  "  it- 1  }  L  "  ,  1  ,  1  ,  1 

23 1 0  TEXT 1 , 99 , " C T 1 } P " , 1 , 1 , 1 

2320  TEXT  1 , 1 1 1 , " tT 1 >H" , 1 , 1 , 1 

2330  TE  X  T  1  ,  1 23  ,  "  C  #  1  )•  A  "  ,  1  ,  1  ,  1 

2340  FOR I =- 1 T04STEP . 02 

2350  X=I 

2360  A=1 

2370  F0RJ=1T0N1 

2380  A=A+C  ( J  ,  1  )  *  (1  O  '- 1  )  •••••  J 

2390  NEXT.J 

2400  A=l/A 

2410  F0RJ=1T0N1 

2420  Y-C  ( J  ,  1  )  *  (  1 0'-- 1  )  •■■■•  J*A 

2430  X=I:EXEC  SCALE 

2440  PL0TX,Y,1 

2450  NEXTJ 

2460  NEXT  I 

2470  COPY 

3000  G(DT 03000 

5000  PROC  SCALE 

50 1 0  X R= ABS ( X  A- X  I )  : YR= ABS ( Y A- Y I ) 

5020  XD-320/XR: YD=200/YR 
5030  X  =  I  NT  (  X  D* X +320-  X  A  »<•  X  D ) 

5 0 4 0  Y  =  I N  r  ( Y  A  «  Y  D  -  Y  +:  Y  D ) 

5050  END  PROC 
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n  I  STR  I  ElUX  I  OM  13  I  RCiRRM 


Fig,  1  Distribution  diagram  for  complexes  formed  by  Zn(II)  with  NH^. 

1  =  monoammine;  2  =  diammine;  3  =  triammine;  4  =  tetraammine. 
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ABSTRACT 

Rhizocorallium  has  not  been  previously  reported  from  the  Pounds  Sandstone 
(Lower  Pennsylvanian)  in  southern  Illinois.  The  speeimens  eolleeted  are  of  speeial 
interest  beeause  of  their  short,  oblique,  vertieally  retrusive,  u-shaped  burrows,  and 
linear  orientation.  This  burrow  form  suggests  suspension  feeding  crustaeeans  that 
lived  in  the  upper  subtidal  zone;  yet  these  speeimens  may  be  tidally  influeneed  in 
their  burrow  positioning.  The  exaet  direction  of  the  orientation  could  not  be  deter¬ 
mined  because  our  sample  is  a  “float”  slab.  This  “float”  slab  was  collected  from 
a  large  scale,  trough  crossbedded  sandstone  unit,  which  has  been  identified  as  a 
distributary  channel  deposit.  Hence,  Rhizocorallium  burrows  of  this  type  may  have 
formed  in  shallower  water  than  previously  thought.  Rhizocoralllium  burrows  of 
this  shape  are  referred  to  R.  jenense  Zenker. 

INTRODUCTION 

A  large  “float”  slab  from  the  Pounds  Sandstone  Member  of  the  upper  Caseyville 
Formation  (Lower  Pennsylvanian)  (Figure  1)  containing  Rhizocorallium  jenense 
Zenker  was  collected  at  the  southwestern  corner  of  the  intersection  between  County 
Highway  13  and  Interstate  Highway  57  at  the  Goreville  Interchange  (SWl/4  SWl/4 
NWl/4  SEl/4  SWl/4  Sec.  18,  T.  11  S.,  R.  2E.,  Johnson  County,  Illinois,  Lick 
Creek  Quadrangle)  (Figure  2).  The  uppermost  unit  of  the  Pounds  Sandstone  in  which 
R.  jenense  occurs  is  a  yellowish-brown,  fine  to  medium-grained,  quartzose  sandstone 
containing  large  scale,  trough  crossbeds,  small  scale  crossbeds,  clay  pebbles,  numer¬ 
ous  erosional  contacts,  ripples  and  plant  fragments.  This  sandstone  is  interbedded 
with  mudstone  and  siltstone  (Gopinath  and  others,  1973,  p.  74-78  and  Koeninger 
and  others,  1979,  p.  86-88). 
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SYSTEMATIC  PALEONTOLOGY 

Ichnogenus  Rhizocorallium  Zenker,  1836 
Ichnospecies  Rhizocorallium  jenense  Zenker,  1836 

Rhizocorallium  jenense  Fursich,  1974,  p.  18,  23-24,  fig.  2  (Synonymy  to  date). 
Rhizocorallium  jenense  Hantzschel,  1975,  p.  101,  fig.  63,  1. 

Rhizocorallium  jenense  Dawson  and  Reaser,  1980,  p.  210,  figs.  2-6. 

The  specimens  studied  consist  of  short,  oblique,  u-shaped  filled  burrows  that 
are  vertically  retrusive.  They  occur  in  convex  hyporelief  on  the  bottom  of  a  sand¬ 
stone  bed.  A  nearly  complete  u-shaped  filled  burrow  with  only  the  upper  vertical 
portion  of  the  tube  ends  broken  occurs  near  the  middle  of  the  “float”  slab  (Figure  3), 
has  a  maximum  diameter  of  66  mm.,  and  is  about  58  mm.  long.  Lateral  limbs  of 
some  specimens  are  sinuous  because  of  distortion  caused  by  overlapping  filled 
Rhizocorallium  (Figure  4).  Rhizocorallium  specimens  are  linearly  oriented  (Figure  5), 
probably  in  response  to  tidal  currents.  We  are  unable  to  determine  the  direction 
of  this  orientation  because  our  sample  is  a  “float”  slab.  Apparently,  these  burrows 
were  made  by  a  crustacean  burrowing  in  mud,  because  they  do  occur  on  the  bot¬ 
tom  of  the  sandstone  bed,  and  are  filled  with  the  same  sandstone  which  forms  the 
overlying  matrix.  No  spreite  are  preserved.  Perhaps  this  lack  of  spreite  results  from 
preservation  of  these  ichnofossils  in  sandstone. 

Remarks.  One  large  “float”  slab  about  158  cm.  x  55  cm.  and  containing  about 
40  partial  to  nearly  complete  Rhizocorallium  filled  burrows,  makes  up  the  mate¬ 
rial  studied.  Fursich,  1974,  referred  u-shaped  Rhizocorallium  burrows  to  R.  jenense 
Zenker. 

Occurrence.  Uppermost  unit  of  the  Pounds  Sandstone  Member  of  the  Caseyville 
Formation  (Lower  Pennsylvanian). 

Type.  Southern  Illinois  University  Museum,  Hypotype  5400. 

DISCUSSION  AND  CONCLUSIONS 

U-shaped,  oblique,  vertically  retrusive  Rhizocorallium  burrows  are  thought  to 
have  been  made  by  suspension  feeding  crustaceans  living  in  the  upper  subtidal  zone 
(Sellwood,  1970,  p.  495  and  Ager  and  Wallace,  1970  p  17).  The  fact  that  these  bur¬ 
rows  are  linearly  oriented  suggests  that  their  positioning  was  tidally  influenced 
(Farrow  in  Hantzschel,  1975,  p.  101).  If  the  unit  from  which  these  ichnofossils  were 
collected  is  a  distributary  channel  deposit  (Gopinath  and  others,  1973,  p.  76  and 
Koeninger  and  others,  1979,  p.  86),  then  R.  jenense  occurred  in  shallower  water 
than  previously  thought,  and  the  linear  orientation  of  these  burrows  may  have  been 
influenced  by  some  factor(s)  other  than  tides. 
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Fig.  1  Locality  Map.  Collecting  site  at  • 


LOWER  PENNSYLVANIAN 

CASEYVILLE  FORMATION 
Pounds  Sandstone  Member 
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UNITS  SCALE 


Fig.  2  Columnar  section  at  collecting  site.  (Modified  from  Gopinath  and  others,  1973) 

I _ 
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Fig,  3  Top  view  of  nearly  complete  Rhizocorallium  X  0.55  (white  arrow). 
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Fig.  5  Top  view  of  slab  showing  linear  orientation  of  Rhizocorallium  X0.62. 
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ABSTRACT 

Iron  indurations  and  locally  continuous  duricrusts  are  present  in  the  Saint  Peter 
Sandstone  west  of  Madison,  Wisconsin.  The  indurations  are  found  immediately 
below  the  contact  of  the  sandstone  with  overlying  dolomite.  The  mineralogy,  elemen¬ 
tal  composition  and  fabric  of  the  indurations  are  comparable  to  iron  duricrusts  evolv¬ 
ing  by  tropical  pedogenesis.  The  frequency  of  indurations  diminishes  down  dip  as 
the  contact  becomes  separated  from  the  surface  by  overlying  sediments. 

The  indurations  form  as  iron  is  released  during  dolomite  solution,  moves  verti¬ 
cally  through  the  contact,  and  is  immobilized  in  the  sandstone  as  interstitial  cement. 
The  clay  mineralogy  of  the  fine  fraction  associated  with  the  indurations  consists 
of  a  simple  suite  of  minerals  having  thermodynamic  or  kinetic  stability  in  a  car¬ 
bonate  electrolyte.  Authigenic  formation  of  K-feldspar,  evidence  of  “reverse  weather¬ 
ing,”  has  occurred. 

The  indurations  form  in  a  groundwater  weathering  environment  as  iron  is 
immobilized  at  the  interface  of  two  dissimilar  sediments.  The  indurations  are  not 
directly  linked  to  either  surface  climates  or  surface  pedogenic  processes  and  are  not 
evidence  of  paleotropical  conditions. 

INTRODUCTION 

Iron  indurated  nodules  and  locally  continuous  iron  duricrust  are  present  in 
Lower  Paleozoic  quartzarenites  west  of  Madison,  Wisconsin.  The  indurations  consist 
of  quartz  sand  grains  bound  together  by  goethite  (FeOOH)  and  hematite  (Fe203) 
interstitial  cements  and  pore  fillings.  The  indurations  fill  joints  and  cross  primary 
bedding  in  the  sandstone;  they  are  certain  post-  depositional  features.  The  mineral¬ 
ogy,  elemental  composition  and  fabric  of  the  indurations  are  comparable  to  iron 
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duricrusts  evolving  by  tropical  pedogensis  (Dury  and  Knox  1971,  Habermann  and 
Dury  1974,  Dury  and  Haberman  1978).  In  some  localities  vertical  color  changes 
are  suggestive  of  pallid,  mottled  and  duricrust  zones  common  to  deeply  weathered 
tropical  soils.  The  previous  workers  used  this  evidence  to  hypothesize  the  indura¬ 
tions  formed  by  pedogenesis  under  Early  Tertiary  tropical  vegetation  and  climate. 
In  this  paper  1  examine  the  validity  of  the  proposed  paleotropical  morphogenesis 
in  view  of  evidence  from  the  spatial  distribution  of  the  indurations  and  the  geochem¬ 
ical  environment  in  which  they  occur.  My  work  emphasizes  the  indurations  pres¬ 
ent  at  the  contact  of  the  St.  Peter  Sandstone  with  the  overlying  dolomite  of  the 
Platteville  Formation. 


STUDY  AREA  AND  METHODS 

The  principal  field  area  encompassed  the  “Driftless”  portion  of  Dane  County, 
Wisconsin.  Exposures  of  the  Saint  Peter  Sandstone/Platteville  Formation  contact 
are  common  in  this  area  but  are  blanketed  by  glacial  deposits  to  the  east,  have  been 
removed  by  erosion  to  the  north,  and  are  progressively  covered  by  uneroded  Lower 
Paleozoic  sediments  to  the  south  and  west.  Field  sites  included  road  cuts  and  quarries. 

Laboratory  analysis  determined  the  elemental  composition  of  the  indurations 
and  overlying  carbonates.  Numerical  modeling  of  the  groundwater  electrolyte  was 
followed  by  prediction  of  thermodynamically  stable  silicate  minerals.  These  predic¬ 
tions  are  compared  to  the  silicate  mineralogy  of  argillaceous  sediments  associated 
with  the  indurations.  Mineral  identification  in  the  argillaceous  sediment  was  done 
by  standard  X-ray  diffraction  techniques  on  K^,  Mg-glycerol,  and  Na-DMSO  sol¬ 
vated  samples  at  room  and  elevated  temperatures. 


RESULTS 

The  iron  indurations  are  restricted  to  two  lithologically  similar  contacts  in  the 
subsurface  of  Dane  County  (Figure  1);  they  are  absent  from  the  bulk  of  the  sand¬ 
stone  strata  (Figure  2).  The  carbonate  and  sandstone  bedrock  was  deposited  during 
cyclic  marine  transgressions  during  the  Lower  Paleozoic  (Ostrom  1970).  The  tran¬ 
sitional  clayey  facies  at  the  Saint  Peter  Sandstone/Platteville  Formation  contact  are 
less  than  0.5m  thick  in  Dane  County  but  increase  rapidly  in  thickness  down  dip 
to  the  south  and  west  to  become  the  shale  of  the  Clenwood  Formation.  Iron  in  the 
indurations  is  derived  from  iron  in  the  dolomite  lattice  or  in  sulfide  minerals  in  the 
Platteville  Formation.  The  iron  is  released  following  congruent  solution  of  the  par¬ 
ent  minerals. 

Spatial  restriction  of  the  iron  indurations  to  two  vertically  stacked  contacts  of 
similar  lithology  suggests  that  the  indurations  result  from  the  vertical  passage  of  ground- 
water  through  the  bedrock  and  that  the  responsible  processes  are  restricted  to  the 
contact  zone.  The  frequency  of  indurations  diminishes  rapidly  down  dip  to  the  west 
and  south;  this  is  concurrent  with  increasing  thickness  of  shaley  sediment  at  the  Saint 
Peter  Sandstone/Platteville  Formation  constact,  increased  isolation  of  the  contact 
from  the  surface  by  overlying  bedrock,  and  decreased  dissolution  of  the  overlying 
dolomite.  These  factors  show  stratigraphy  and  structure,  rather  than  surface  environ¬ 
ment,  to  be  the  primary  distributional  control  of  the  indurations. 

Iron  indurations  are  present  near  the  surface  and  in  quarries  and  valley  side- 
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walls  where  the  contact  is  separated  from  the  surface  by  over  20m  of  intervening 
carbonates.  The  geochemical  environment  at  these  subsurface  contacts  differs 
markedly  from  surface  environments.  The  groundwater  characteristics  are  domi¬ 
nated  by  the  solution  of  bedrock  carbonate  minerals,  not  surface  soil  reactions.  Elec¬ 
trolyte  characteristics  at  the  subsurface  contact  can  be  modeled  assuming  a  closed 
system  of  carbonate  weathering  in  which  chemically  reactive  soil  water  equilibrates 
with  the  partial  pressure  of  CO2  in  the  soil  atmosphere  and  then  passes  out  of  con¬ 
tact  with  the  soil  and  into  contact  with  carbonate  rock  (Garrels  and  Christ  1965). 
This  model  closely  describes  the  field  area  where  the  simple  bedrock  mineralogy 
(dolomite,  quartz,  illite,  muscovite)  and  diffuse  groundwater  flow  allow  near¬ 
equilibrium  to  be  attained  (Dreybrodt  1981).  Equilibrium  calculations  predict  the 
groundwater  passing  through  the  carbonates  and  into  the  contact  will  be  a  calcium- 
magnesium-bicarbonate  solution  with  high  ionic  strength  and  buffered  basic  pH 
(pH  7. 8-9. 9,  Melcon  1979). 

Silicate  minerals  are  thermodynamically  unstable  in  the  acid  leaching  environ¬ 
ment  of  soils  and  are  altered  by  complex  transformations  to  a  residuum  of  kaolinite, 
gibbsite  and  iron  oxhydroxides  (Calvert  et  al  1980).  In  a  non-acid  leaching  electro¬ 
lyte,  many  silicates  become  thermodynamically  stable  and  “reverse  weathering”, 
involving  authigenic  formation  of  silicates,  is  predicted.  The  qualitative  differences 
in  the  weathering  reactions  and  resultant  mineralogy  allow  discrimination  between 
soil  environments  (metastable  minerals,  reaction  kinetics)  and  groundwater  environ¬ 
ments  (minerals  having  a  wide  range  of  thermodynamic  stability) .  Thermodynamic 
stability  fields  for  silicates  as  a  function  of  pK^,  pSi(OH)^,  pH,  and  pCa^^  = 
pMg2+  were  calculated  and  are  shown  in  Figure  3  (Melcon  1979).  Over  the  pH 
range  considered,  only  K-feldspar,  illite  and  kaolinite  have  stability  fields  falling 
within  the  common  concentrations  of  potassium  and  silicon  in  groundwaters;  these 
minerals  should  be  preserved  or  form  authigenically  at  the  contact. 

The  mineralogy  of  the  clay-sized  fraction  of  Clenwood  sediment  lying  directly 
above  the  iron  indurations  was  determined  by  X-ray  diffraction  techniques.  Three 
minerals,  muscovite,  illite,  and  K-feldspar,  are  present  in  significant  quantity;  ver- 
miculite  is  a  minor  constituent;  kaolinite  is  present  in  trace  amount.  Muscovite  (the 
high  temperature  polymorph  2Mj)  is  detrital  in  origin.  Although  the  2Mj  poly¬ 
morph  has  no  thermodynamic  stability,  muscovite  commonly  persists  in  weather¬ 
ing  environments  because  of  kinetic  limits  on  its  alteration.  In  a  carbonate 
groundwater  these  include  the  lack  of  acid  attack  on  the  Al-hydroxy  sheet  and  the 
negligible  diffusion  of  from  the  interlayer  under  normal  K+  concentrations 
(Henderson  et  al  1976).  Illite,  a  low  temperature  muscovite  polymorph  (IM)  of  vari¬ 
able  composition,  has  a  limited  thermodynamic  stability  field  at  basic  pH.  It  is  a 
common  product  of  diagenesis  in  sediments  (Weaver  1967)  and  is  accorded  kinetic 
stability  similar  to  muscovite.  The  minor  presence  of  vermiulite,  a  rapid-forming 
metastable  alteration  product  of  muscovite  and  illite,  reflects  low  concentra¬ 
tions  in  the  groundwater  (Kittrick  1973). 

Two  phyllosilicates,  chlorite  and  smectites,  have  no  predicted  thermodynamic 
stability  and  are  absent  from  the  argillaceous  sediment.  This  absence  is  consistent 
with  the  proposed  groundwater  weathering  environment.  The  trace  present  of 
kaolinite  reflects  authigenic  formation  similar  to  that  noted  by  Rex  (1966)  in  the 
Saint  Peter  aquifer  in  Missouri. 

The  final  silicate  mineral  observed  in  the  clay-sized  fraction  is  K-feldspar.  K- 
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feldspar  is  unstable  in  the  clay-sized  fraction  of  soils  and  is  rapidly  weathered  (Calvert 
et  al  1980).  Its  presence  suggests  that  intensive  pedogenic  weathering  has  not 
occurred;  the  origin  is  more  likely  authigenic  or  detrital. 

K-feldspar  is,  however,  thermodynamically  stable  in  a  basic  Ca-Mg-HCO 
groundwater.  Authigenic  K-feldspar  has  been  shown  to  be  present  as  overgrowths 
on  detrital  K-feldspar  grains  in  the  Saint  Peter  Sandstone  by  Odum  et  al  (1976). 
X-ray  diffraction  of  volcanic  ash  laminae  in  the  Platteville  Formation  of  Dane  County 
(this  study)  and  in  Northern  Illinois  (William  and  Kolata  1978)  also  confirm  the 
formation  of  K-feldspar  in  the  subsurface.  The  presence  of  non-detrital  K-feldspar 
is  evidence  that  thermodynamic  equilibrium  has  been  approached  in  the  buffered 
groundwater  solution.  “Reverse  weathering,”  i.e.,  the  authigenic  formation  of 
minerals  at  low  temperature  and  pressure,  has  occurred  (Kastner  and  Siever  1979). 


DISCUSSION  AND  SUMMARY 

The  field  distribution  of  the  Wisconsin  iron  indurations  is  linked  to  stratigraphic 
and  structural  characteristics  of  the  bedrock.  The  presence  of  iron  indurations  in 
a  contact  zone  separated  from  the  surface  by  tens  of  meters  of  carbonate  rock  implies 
that  vertically  moving  groundwater,  not  the  soil  reactions  of  the  surface  environ¬ 
ment,  is  responsible  for  their  formation.  The  weathering  reactions  in  a  basic  car¬ 
bonate  groundwater  solution  are  qualitatively  different  from  those  under  acid 
leaching  conditions  in  a  surface  soil.  Thermodynamic  equilibrium  calculations  show 
two  minerals,  illite  and  K-feldspar,  to  have  large  stability  fields.  These  minerals 
dominate  the  clay-sized  fraction  of  sediments  found  with  the  indurations.  The 
presence  of  K-feldspar  demonstrates  that  reverse  weathering  has  occurred.  The  clay¬ 
sized  minerals,  and  by  direct  extension,  the  iron  indurations,  reflect  the  low 
temperature  equilibria  of  a  buffered  subsurface  groundwater  environment. 

The  initial  work  on  this  topic  involved  extensive  field  work,  analysis  of  the  miner¬ 
alogy  of  the  iron  indurations,  analysis  of  the  elemental  composition  of  the  iron  indu¬ 
rations,  and  description  of  induration  fabrics.  The  strong  physical,  chemical  and 
mineralogic  similarity  with  tropical  concretions  led  to  a  direct  analogy  being  drawn 
and  tropical  paleopedogenesis  proposed.  None  of  these  factors  are  linked,  however, 
to  a  unique  surface  environment.  I  have  demonstrated  that  the  Wisconsin  indura¬ 
tions  occur  in  a  groundwater  environment  which  includes  reverse  weathering  not 
characteristic  of  soils.  The  occurrence  of  iron  indurations  at  the  Saint  Peter 
Sandstone/Platteville  Formation  contact  is  an  excellent  example  of  geomorphic  con¬ 
vergence 

.  .  .  whereby  disparate  processes,  or  different  emphases  of  the  same  processes, 
may  produce  similar  results  at  a  particular  stage  in  their  operation 
(Cummingham  1969  pg.  58). 
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UNDERWATER  SWIMMING  OF  FEMALE 
RATS:  AN  EFFECTIVE  MODEL 
OF  ANAEROBIC  EXERCISE 
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Department  of  Biologieal  Seienees 
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ABSTRACT 

Anaerobic  glycolysis  activity  in  underwater  swimming  was  determined  from 
the  effects  of  exercise  intensities  on  plasma  levels  of  lactic  acid  and  glucose  in  36 
adult  female  rats  divided  equally  into  the  non-swimming,  1,  10,  17,  24  and  >24 
repetitions  of  underwater  swimming  groups.  At  the  conclusion  of  the  group  number 
of  underwater  swimming  repetitions,  blood  samples  were  collected  by  decapita¬ 
tion,  and  then  centrifuged  for  analysis  of  the  plasma  by  standard  procedures.  Mean 
lactic  acid  levels  in  the  l(x±SE:  16.2  ±0.8  mEq/1),  10(17.9  ±0.9  mEq/1), 
17(17.2  ±  1.6  mEq/1),  24(17.6  ±  1.2  mEq/1)  and  >24(6.7  ±  0.4  mEq/1)  repetitions 
of  underwater  swimming  groups  were  significantly  (P<0.05)  higher  than  levels  in 
the  non-swimming  (1.9  ±0.2  mEq/1)  group.  Mean  glucose  levels  in  the  l(x±SE: 
147±2mg%),  10(204  ±3  mg %),  17(180  ±  7  mg%),  24(179  ±5  mg %)  an  >24(36  ± 
4  mg%)  repetitions  of  underwater  swimming  groups  were  significantly  (P<0.05) 
different  from  values  for  the  non-swimming  (126  ±  6  mg% )  group.  These  data  indi¬ 
cate  that  a  wide  range  of  underwater  swimming  intensities  elicits  uniform  anaero¬ 
bic  glycolysis  activity. 


INTRODUCTION 

Elevation  in  blood  levels  of  lactic  acid  has  been  noted  to  be  a  significant  indica¬ 
tor  of  exercise  models  that  utilize  anaerobic  glycolysis  for  production  of  energy  in 
muscle  contraction  (Davis,  1985;  Parkhouse  and  McKenzie,  1984;  Skinner  and 
McLellan,  1980).  High-intensity  bicycling  (Eddy  et  al.,  1977;  Ready  et  al.,  1981) 
and  running  (Brooks  et  al.,  1973;  Komi  et  al.,  1977)  have  been  shown  to  elevate 
blood  levels  of  lactic  acid  in  female  animals  and  women.  Although,  Garcy  (1985) 
demonstrated  uniform  anaerobic  glycolysis  activity  over  a  wide  range  of  underwater 
swimming  (UWS)  intensities  in  male  rats,  a  similar  investigation  was  not  under- 
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taken  in  females.  Thus,  the  present  study  focused  on  the  effects  of  increasing  UWS 
intensities  on  plasma  levels  of  lactic  acid  and  glucose  in  female  rats. 

MATERIALS  AND  METHODS 

Thirty-six  adult  female  Harlan  Sprague  Dawley  rats,  weighing  175-199  g,  were 
maintained  in  an  animal  facility  with  a  controlled  environment,  and  supplied  with 
food  and  water  ad  libitum.  Animals  were  divided  equally  into  the  non-swimming 
(NS),  1,  10,  17,  24  and  >24  repetitions  of  UWS  groups,  and  swam  according  to 
a  procedure  described  in  previous  studies  (Garcy,  1982;  Garcy,  1985).  At  the  con¬ 
clusion  of  swimming  the  designated  or  maximum  number  of  repetitions,  blood  sam¬ 
ples  were  collected  and  prepared  for  analysis  by  a  procedure  described  in  Garcy’s 
(1985)  investigation.  Plasma  concentrations  of  lactic  acid  and  glucose  were  deter¬ 
mined  respectively  by  the  enzymatic  methods  of  Sigma  Ghemical  Go.,  No.  826-UV 
and  Electro-Nucleonics  Inc.,  Gemstar  System. 

The  data  were  evaluated  by  one  way  analysis  of  variance.  Statistical  significance 
(P<0.05)  of  differences  in  means  was  determined  by  the  Student’s-Newman-Kuels 
test. 


RESULTS 

Mean  plasma  concentrations  of  lactic  acid  and  glucose  for  each  group  are 
presented  in  Figs.  1  and  2.  The  data  in  Fig.  1  indicate  that  plasma  levels  of  lactic 
acid  remained  at  peak  values  for  the  1  through  24  repetitions  of  UWS  groups,  and 
then  decreased,  but  even  the  >24  repetitions  of  UWS  group  had  levels  that  were 
higher  than  in  the  NS  group.  Plasma  concentrations  for  the  l(x±SE:  16.2  ±0.8 
mEq/1),  10(17.9  ±0.9  mEq/1),  17(17.2  ±1.6  mEq/1),  24(17.6  ±1.2  mEq/1)  and 
>24(6.7  ±  0.4  mEq/1)  repetitions  of  UWS  groups  were  signibcantly  (P<0.05)  higher 
than  in  the  NS (1. 9  ±  0.2  mEq/1)  group.  Furthermore,  plasma  lactic  acid  levels  for 
UWS  groups  1,  10,  17  and  24  were  significantly  (P<0.05)  higher  than  in  the  >24 
repetitions  of  UWS  group.  Moreover,  lactic  acid  levels  for  the  1,  10,  17  and  24  repe¬ 
titions  of  UWS  groups  were  not  significantly  (P>0.05)  different  from  one  another. 

Mean  plasma  glucose  concentrations  as  shown  in  Fig.  2  were  elevated  for  the 
1  through  24  repetitions  of  UWS  groups,  and  then  in  the  >24  repetitions  of  UWS 
group  fell  below  the  levels  of  the  NS  group.  Mean  plasma  glucose  levels  for  the 
l(x±SE:  147±2mg%),  10(204  ±  3  mg%),  17(180±7mg%)  and  24(179  ±  5  mg%) 
repetitions  of  UWS  groups  were  significantly  (P<0.05)  higher  than  in  the  NS(126  ± 
5  mg%)  group.  Furthermore,  glucose  levels  of  UWS  groups  10,  17  and  24  were 
significantly  (P<0.05)  higher  than  in  the  1  bout  of  UWS  group.  Moreover,  glucose 
levels  for  UWS  group  10  were  significantly  (P<0.05)  greater  than  in  the  1,  17  and 
24  repetitions  of  UWS  groups.  On  the  other  hand,  plasma  glucose  concentrations 
in  the  >24(36  ±  4  mg% )  repetitions  of  UWS  group  were  significantly  (P<0.05)  lower 
than  in  the  NS  group. 


DISCUSSION 

The  elevated  plasma  levels  of  lactic  acid  reported  in  this  study  (Fig.  1)  have 
been  noted  by  other  investigators  (Brooks  et  al.,  1973;  Eddy  et  al.,  1977;  Roby  et 
al.,  1983;  Rusko  et  al.,  1980;  Schantz  and  Astrand,  1984;  Withers,  1978)  in  female 
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animals  and  women  engaged  in  high-intensity  exercises.  Furthermore,  the  lactic 
acid  levels  in  UWS  female  rats  were  uniformly  elevated  as  they  were  in  UWS  male 
rats  (Garcy,  1985).  On  the  other  hand,  peak  levels  of  lactic  acid  in  UWS  females 
were  lower  than  in  UWS  males,  suggesting  reduced  anaerobic  glycolysis  activity. 
An  implication  is  that  lower  levels  of  world  record  athletic  performances  in  women 
when  compared  to  men,  may  be  attributed  to  reduced  anaerobic  glycolysis  activity 
in  combination  with  smaller  muscle  area  and  mass  (Costill  et  al.,  1976;  Drinkwater, 
1984;  Pauhl  et  al.,  1982;  Wilmore,  1979). 

Demonstration  of  elevated  plasma  concentrations  of  glucose  in  UWS  female  rats 
(Fig.  2)  was  also  shown  in  UWS  male  rats  (Garcy,  1985).  On  the  other  hand,  peak 
glucose  concentrations  in  UWS  females  were  lower  than  in  UWS  males.  Moreover, 
glucose  concentrations  in  females  exercising  at  the  highest  level  of  UWS  intensity 
were  lower  than  in  NS  females,  whereas  glucose  concentrations  in  males  exercising 
at  the  same  level  of  UWS  intensity  were  above  control  values.  These  observations 
indicate  that  the  proposed  lower  anaerobic  glycolysis  activity  in  female  rats  may 
be  associated  with  smaller  supplies  of  glucose. 

In  conclusion,  the  results  from  this  study  indicate  that  a  wide  range  of  UWS 
intensities  elicits  uniform  anaerobic  glycolysis  activity  in  female  rats.  Thus,  UWS  of 
female  rats  is  an  effective  model  of  anaerobic  exercise. 
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LACTIC  ACID 


NS  1  10  17  24  >24 

Fig.  1  Plasma  lactic  acid  concentrations  (mEq/l)  for  the  non-swimming  (NS),  1,  10,  17,  24  and  >24 
repetitions  of  underwater  swimming  groups.  Bars  with  vertical  lines  indicate  the  means 
±  standard  errors. 
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GLUCOSE 


NS  1  10  17  24  >24 

Fig.  2  Plasma  glucose  concentrations  (mg%)  for  the  non-swimming  (NS),  1,  10,  17,  24  and  >24  repe 
titions  of  underwater  swimming  groups.  Bars  with  vertical  lines  indicate  the  means  ±  stan 
dard  errors. 
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ABSTRACT 

Five  hundred  and  ninety-five  healthy  Caucasian  teenagers  (315  females,  280 
males)  between  the  ages  of  13  and  19  participated  in  a  community  pulmonary  func¬ 
tion  survey  in  Illinois.  Of  the  total,  293  attended  Granite  City  High  School  South 
(highly  industrialized  and  polluted  area).  On  the  average,  this  teenage  population 
has  smaller  lung  volumes  (15%  in  males,  14%  in  females)  and  flow  rates  (14%  in 
males,  12%  in  females)  than  the  predicted  normal  population.  There  was  also  a 
statistical  difference  between  high  school  subgroups,  with  both  the  North  High  School 
male  and  female  students  demonstrating  significantly  larger  pulmonary  functions 
than  their  South  High  School  counterparts.  When  the  relation  between  air  flow 
rates  and  smoking  was  examined  by  High  School  subgroups,  evidence  was  found 
for  a  synergistic  effect  between  smoking  and  air  pollution. 

INTRODUCTION 

This  study  reports  the  effects  of  air  pollution  on  pulmonary  health  of  adoles¬ 
cents.  The  site  of  the  study  is  Granite  City,  Illinois,  a  highly  industrialized  city  which 
has  been  identified  as  one  of  the  air  pollution  “hot  spots”  in  the  nation.  Its  total 
suspended  particulate  (TSP)  concentrations  rank  as  the  highest  in  the  state. A 
1977  study  of  industrial  emissions  in  communities  east  of  the  metropolitan  St.  Louis 
area  ranked  Granite  City  first  for  TSP,  first  for  total  hydrocarbon,  first  for  carbon 
monoxide,  fifth  for  sulfur  dioxide,  and  fifth  for  nitrogen  oxides.^  Data  available 
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from  the  Illinois  Department  of  Public  Health  indicate  that  hospitalization  for  pul¬ 
monary  diseases,  such  as  lung  cancer,  tuberculosis,  bronchitis,  histoplasmosis,  pneu¬ 
monia  and  chronic  obstructive  pulmonary  disease,  occurs  with  a  combined  annual 
incidence  of  25-30  per  thousand  of  the  Granite  City  population. 

The  population  studied  in  this  report  is  a  group  of  healthy  Caucasian  teenagers 
from  each  of  the  two  high  schools  in  the  city.  Granite  City  High  School  South  is 
located  in  the  older,  highly  industrialized  section  of  the  city,  while  North  High  School 
is  on  the  outskirts  of  the  city  in  a  non-industrialized  area.  In  general,  the  area  of 
the  city  feeding  into  North  High  School  appears  to  have  less  outdoor  air  pollution 
than  the  section  of  the  city  from  which  South  High  School  draws  its  students. 

MATERIALS  AND  METHODS 

During  a  two  month  period,  595  healthy,  normal  Caucasian  teenagers  between 
the  ages  of  13  and  19  were  studied  as  part  of  a  community  respiratory  disease  sur¬ 
vey.  The  teenagers  were  members  of  the  two  high  schools  in  the  community:  293 
from  South  High  School  and  302  from  North  High  School,  representing  15  and  20 
percent  of  the  respective  school  populations. 

The  parents  of  the  students  completed  a  written  questionnaire,  and  a  written 
informed  consent.  Smoking  history  of  the  students  was  determined  in  a  confiden¬ 
tial  interview  just  prior  to  the  conducting  of  pulmonary  function  measurements. 

Ventilatory  function  was  assessed  by  using  a  Vanguard  DS  512  Digital  Elec¬ 
tronic  Spirometer.  The  parameters  measured  include  the  forced  vital  capacity  (FVG), 
the  forced  expiratory  volume  in  one  second  (FEV^),  the  ratio  of  FEVj  to  FVG,  and 
forced  expiratory  flow  during  the  mid-portion  of  the  FVG  curve  (FEFgg  ^g).  All  pul¬ 
monary  function  parameters  are  automatically  corrected  to  Body  Temperature,  Pres¬ 
sure,  Saturated  (BTPS)  by  the  microprocessor.  This  system  meets  or  exceeds  all 
American  Thoracic  Society  accuracy  and  performance  standards."^  Predicted  nor¬ 
mal  equations  based  on  age,  height  and  sex  are  internally  programmed.  Teenager 
predicted  values  are  automatically  extrapolated  from  the  regression  equations  of 
Morris  et  al.^  The  percent  predicted  for  the  measured  values  is  automatically 
generated  at  the  completion  of  the  study. 

The  North  High  School  students  were  studied  first,  followed  at  a  later  date  by 
the  South  High  School  students.  Each  student  was  carefully  coached  as  to  the  proper 
method  for  performing  an  acceptable  FVG  curve  and  the  procedure  was  demon¬ 
strated.®  Each  student  then  performed  three  or  more  FVG  maneuvers,  until  at  least 
two  FVG  curves  were  acceptable.  Each  curve  was  recorded  on  the  graphic  recorder 
and  a  permanent  alphanumeric  record  was  produced.  The  curve  with  the  best  FVG 
for  each  subject  was  used  in  the  statistical  analysis. 

RESULTS 

Only  those  pulmonary  function  measurements  of  students  without  any  history 
of  chronic  pulmonary  disorders  or  allergies,  as  determined  from  the  questionnaires 
completed  by  the  parents  or  guardians,  were  used  in  the  statistical  analysis.  Teenagers 
with  current  respiratory  infections  were  excluded  from  the  analysis.  Means,  stan¬ 
dard  deviations  and  correlation  coefficients  were  calculated;  two-tailed  t-tests  and 
chi  square  distributions  were  used  to  evaluate  population  relations. 
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In  an  attempt  to  differentiate  the  effects  of  cigarette  smoking  and  environmen¬ 
tal  location  on  pulmonary  function,  we  subdivided  the  students  by  high  school  and 
smoking  history.  The  term  ‘nonsmoker’  refers  to  those  who  have  not  smoked  regu¬ 
larly.  Table  1  describes  the  pulmonary  function  measurements  of  the  students 
arranged  by  school.  Although  the  mean  ages  are  the  same,  the  North  High  School 
males  are  significantly  taller  than  the  South  High  School  males.  In  addition,  the 
air  flow  parameters,  FEV^  FEV^/FVC  and  FED25  .75,  are  significantly  higher  in 
the  North  males  than  in  those  from  the  South. 

There  are  no  anthropometric  differences  between  the  females  of  the  two  schools. 
With  the  exception  of  the  FEF25  75  being  significantly  greater  for  the  North  females, 
all  other  pulmonary  function  parameters  are  similar.  However,  there  is  a  signifi¬ 
cant  difference  between  male  and  female  air  flow  parameters  within  each  school. 
The  South  female  %  Pred.  FEV^  and  %  Pred.  FEF25  75  are  significantly  larger  than 
the  South  male  values.  The  North  female  %  Pred.  FEF25  75  is  significantly  larger 
than  the  North  male  air  flow. 

Table  2  shows  the  pulmonary  function  measurements  on  the  basis  of  both  high 
school  and  smoking  history.  The  lower  air  flow  rates  for  smokers  as  compared  to 
nonsmokers  are  clearly  evident  as  is  the  fact  that  female  students  of  each  high  school, 
both  smokers  and  nonsmokers,  have  significantly  larger  air  flow  rates  than  their 
male  counterparts.  It  is  also  noteworthy  that  the  male  nonsmokers  of  North  High 
School  are  significantly  taller  than  the  South  nonsmoking  males. 

Although  there  are  significant  differences  between  the  pulmonary  function 
parameters  within  the  various  student  subgroups,  all  mean  values  are  within  nor¬ 
mal  limits.^  Examination  of  Table  2  shows,  however,  that  the  means  for  the  per¬ 
cent  predicted  values  are  at  the  lower  limits  of  normal.  This  teenage  population 
displays  smaller  pulmonary  function  parameters  than  have  been  seen  in  other  stu¬ 
dents.®’®’^®  Because  of  this  difference,  regression  equations  were  derived  for  this 
population  of  teenagers.  (Table  3)  The  correlation  coefficients  noted  are  all  signifi¬ 
cant  at  the  p  0.05  level. 

Further  statistical  analysis  was  used  to  relate  years  of  residence  in  the  commu¬ 
nity  to  %  Pred.  FVC  and  %  Pred.  FEF25  75.  Years  of  residence  in  the  community 
was  evaluated  in  terms  of  sex  of  the  teenager.  Although  the  females  show  no  signifi¬ 
cant  variations  in  their  pulmonary  functions,  the  male  population  does.  Those  males 
who  have  lived  in  the  community  for  five  years  or  less  have  a  significantly  lower 
mean  value  for  %  Pred.  FVC  and  a  slightly  lower  mean  value  for  %  Pred. 
FEF2575  than  do  those  males  who  have  lived  in  the  community  longer  than  five 
years.  (Table  4) 

A  breakdown  of  data  by  high  schools  also  shows  a  trend.  Those  males  who  attend 
North  High  School  and  have  lived  less  than  five  years  in  the  community  show  a 
significantly  lower  mean  %  Pred.  FEF25.75  than  those  with  more  than  five  years 
residence.  The  difference  for  %  Pred.  FVC  is  not  significant.  South  High  School 
males  show  a  small  difference  in  %  Pred.  FVC  but  no  difference  in  %  Pred. 
FEF2575.  A  slight  variation  in  %  Pred.  FVC  is  also  noted  for  South  High  School 
females,  but  the  lower  value  occurs  for  females  who  have  lived  in  the  community 
for  more  than  five  years. 
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DISCUSSION 

It  is  well  known  that  pulmonary  function  in  normal,  healthy  children  is  closely 
related  to  growth  and  development.®  It  has  been  previously  shown  that  the  rate 
of  pulmonary  development  increases  at  adolescence  and  marked  absolute  differences 
are  noted  between  boys  and  girls. Our  data  show  a  mean  absolute  difference  in 
FVC  between  boys  and  girls  of  936  mL,  a  mean  difference  in  FEV^  of  960  mL  and 
a  mean  difference  in  FEFg^  ^^  of  0.67  L/sec. 

When  %  Pred.  values  are  examined,  it  is  noted  that  the  girls  demonstrate  the 
larger  relative  values  for  volume  and  flow.  This  agrees  with  earlier  studies  which 
demonstrate  that  maturity  of  pulmonary  functions  is  reached  earlier  in  girls  than 
in  boys.^^  It  appears  that  girls  reach  their  functional  plateau  by  around  age  14 
while  boys  must  develop  until  age  18  to  reach  this  plateau. 

It  is  observed  that  the  average  individual  in  this  teenage  population  has  smaller 
lung  volumes  and  flow  rates  than  the  predicted  normal  population.  The  males  aver¬ 
age  15.3%  less  in  lung  volume,  14.4%  less  in  FEV^  and  11%  less  in  EEF2575.  The 
females  average  14.3%  less  in  lung  volume,  12%  less  in  FEV^  and  5%  less  in 

Although  within  normal  limits,  these  marked  reductions  in  average  pulmonary 
function  parameters  compared  to  normal  predicted  values  could  be  an  early  response 
to  environmental  exposure.  The  respiratory  system  has  an  obvious  and  continu¬ 
ous  contact  with  the  environment;  and  the  lungs  are  thus  exposed  intensely  and 
on  a  prolonged  basis  to  any  injurious  substances  which  might  be  offered  by  the 
environment.^® 

It  has  been  shown  in  England  that  episodes  of  increased  sulfur  dioxide  and  par¬ 
ticulate  pollution  result  in  an  increased  morbidity  and  mortality  among  those  with 
chronic  lung  disease. The  FEV^  has  been  shown  to  be  significantly  less  in  men 
in  England  exposed  to  higher  pollution  levels  than  in  men  in  less  polluted  areas. 
Furthermore,  pulmonary  function  parameters  in  school  children  in  grossly  polluted 
regions  are  measurably  less  as  compared  with  those  in  children  in  low  polluted 
regions.^® 

Ventilatory  function  in  children  is  a  particularly  useful  measure  of  air  pollu¬ 
tion  effects  because  cigarette  smoking,  occupational  exposures,  and  frequent  changes 
of  residence  do  not  generally  play  a  role  in  the  observed  effect.^®  In  nearly  all 
reported  studies,  children  residing  in  more  polluted  communities  of  the  sulfur 
dioxide/particulate  category  both  in  the  United  States  and  in  other  countries,  have 
shown  diminished  ventilatory  function  when  compared  to  their  counterparts  living 
in  less  polluted  areas.  It  has  been  observed  that  four  major  factors  —  child¬ 
hood  smoking,  air  pollution,  social  class  and  past  history  of  respiratory  diseases  — 
can  have  independent  effects  on  ventilatory  function.^®  Although  smoking  and  air 
pollution  apparently  have  the  greatest  influence,  all  four  factors  appear  to  exert 
their  effects  additively.  In  this  particular  study,  however,  social  class  does  not  appear  ' 
to  be  a  determining  influence. 

As  noted  earlier,  the  pulmonary  function  data  from  this  group  of  595  Granite 
City  teenagers  appear  to  show  a  significant  environmental  response  when  compared 
to  predicted  normals.  It  is  additionally  possible  to  detect  a  statistical  difference 
between  high  schools,  based  on  differences  in  pollution  levels  within  the  city  itself. 
Both  the  male  and  female  students  in  the  North  High  School  demonstrate  pulmo- 
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nary  function  values  slightly  to  significantly  larger  than  their  counterparts  in  South 
High  School,  located  in  the  more  polluted  part  of  the  city. 

When  smoking  history  is  examined,  both  male  and  female  smokers  overall  have 
significantly  lower  air  flow  rates  than  the  nonsmokers.  These  findings  are  similar 
to  previous  studies  which  also  showed  that  objective  evidence  of  lung  damage  occurs 
in  teenaged  smokers. When  the  relation  between  air  flow  rates  and  smoking 
is  examined  by  high  school  subgroups,  we  find  additional  evidence  which  tends  to 
confirm  our  concern  over  environmental  exposure.  Both  the  male  and  female  smokers 
in  South  High  School  have  lower  air  flow  rates  than  their  smoking  counterparts 
in  North  High  School.  This  tends  to  support  the  theory  of  additive  effects  of  smok¬ 
ing  and  air  pollution  on  pulmonary  function  changes  in  adolescents. 

The  importance  of  all  these  findings  is  that  diminished  repiratory  function  in 
childhood  may  well  have  long-term  consequences,  compromising  respiratory  health 
in  later  life.  It  has  been  suggested  that  the  fact  that  air  pollution  exposure  increases 
the  risk  in  childhood  of  both  reduced  lung  function  and  acute  respiratory  illness 
implies  an  increased  risk  for  subsequent  development  of  obstructive  pulmonary  dis¬ 
ease  in  adulthood. It  has  also  been  observed  that  a  close  relationship  exists 
between  a  history  of  childhood  respiratory  disorders  and  prevalence  of  ventilatory 
impairment  and  obstructive  airway  disease  in  adults. However,  these  data  may 
be  biased,  as  parents  of  children  with  respiratory  diseases  may  have  a  better  recall 
of  childhood  illness  than  do  parents  of  children  who  are  currently  healthy. 

There  has  been  evidence  that  the  effects  of  air  pollution,  or  the  combination 
of  air  pollution  and  smoking,  are  potentially  reversible.  Improvements  in  impaired 
pulmonary  function  in  children  living  in  polluted  communities  have  been  shown 
when  air  pollution  concentration  decreased. Similar  studies  with  adults  also 
point  to  the  conclusion  that  removal  of  air  pollution  at  least  slows  the  development 
of  obstructive  airway  problems,  and  if  removed  early  enough,  results  in  a  return 
to  nearly  normal  functional  status. 

Years  of  residence  in  a  community  would  appear  to  be  significant  to  pulmo¬ 
nary  function,  particularly  in  an  area  with  as  much  air  pollution  as  Granite  City. 
The  data  for  teenagers  indicate  considerably  lower  pulmonary  function  values  for 
males  who  have  lived  in  the  community  five  years  or  less  than  for  those  who  have 
lived  in  the  city  longer.  The  effect  is  similar  for  students  of  both  high  schools.  Females 
do  not  show  this  effect.  This  pulmonary  function  change  in  males  may  be  due  to 
an  acute  reaction  to  the  air  pollution  of  Granite  City.  Female  teenagers  may  not 
show  this  pronounced  effect  because  their  pulmonary  functions  develop  earlier  than 
those  of  males. 


CONCLUSION 

In  conclusion,  our  data  provide  statistical  evidence  for  an  adverse  reaction  in 
this  group  of  teenagers  to  environmental  exposure.  Overall,  the  average  lung  vol¬ 
ume  and  flow  rates  are  reduced  compared  to  normal  predicted  values.  Individuals 
in  the  more  polluted  South  High  School  area  are  more  markedly  affected  than  those 
in  the  North  High  School  area.  Those  individuals  with  a  history  of  cigarette  smok¬ 
ing  have  an  even  greater  decrease  in  air  flow  rates.  There  appears  to  be  an  additive 
effect  between  smoking  and  environmental  exposure  in  this  group. 
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Table  1.  Means  and  Standard  Deviations  of  Pulmonary  Function  Measurements  in  Normal  Caucasian  Teenagers  Arranged 
by  High  School. 
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Table  2a  Means  and  Standard  Deviations  of  Pulmonary  Function  Measurements  in  Female  Teenagers  Based  on  School 
and  Smoking  History. 
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Table  2b  Means  and  Standard  Deviations  of  Pulmonary  Function  Measurements  in  Male  Teenagers  Based  on  School  and 
Smoking  History. 
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Table  3  Regression  Equations  Relating  Pulmonary  Function  Variables  to  Age  and 
Height  in  Normal  Caucasian  Teenagers  in  Granite  City. 


Parameter 

Sex 

Regression  Equation 

r 

S.E. 

FVC  (L) 

F 

y  =  0.027A  +  0.021H  —  0.291 

0.88 

0.412 

M 

y  =  0.065A  +  0.033H  —  2.154 

0.84 

0.463 

FEV,  (L) 

F 

y  =  0.034A  +  0.024H  —  1.505 

0.77 

0.378 

M 

y  =  0.041A  +  0.026H  —  1.246 

0.75 

0.396 

(L/sec) 

F 

y  =  0.015A  +  0.031H  —  1.63 

0.66 

0.699 

M 

y  =  0.025A  +  0.014H  —  1.41 

0.64 

0.730 

A  =  Age 

H  =  Height  in  centimeters 
r  =  Correlation  Coefficient 
S.E.  =  Standard  Error  of  Estimate  in  liters 


Table  4  Means  and  Standard  Deviations  of  Pulmonary  Function  Measurements  with  Respect  to  Years  of  Residence  in  Granite 
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ABSTRACT 

^Saccharomyces  cerevisiae  possesses  a  high-affinity  estrogen  binding  protein 
and  endogenous  ligand  that  effectively  displaces  [^H]I7-B-estradiol  from  the  yeast 
binding  protein  and  mammalian  estrogen  receptors.  ^Semi-purified  preparations  of 
this  ligand  have  been  shown  to  exhibit  estrogenic  activity  in  mammalian  systems. 
^This  study  investigated  the  possibility  that  estradiol  functioned  in  yeast  to  increase 
cell  number  and/or  cell  size.  Weast  cells  were  introduced  to  culture  media  contain¬ 
ing  concentrations  of  estradiol  ranging  from  0.66pM  to  25uM.  ^These  cultures  were 
monitored  spectrophotometrically  and  microscopically  for  changes  in  the  cells.  ®In 
cultures  with  estradiol  concentrations  ranging  from  0.66pM  to  I2.5uM  there  were 
no  changes  observed  in  cell  size  or  number.  ^However,  when  the  yeast  was  exposed 
to  estradiol  in  a  concentration  of  25uM,  growth  was  completely  inhibited. 
^Therefore,  estradiol,  in  physiologically  tolerable  concentrations,  had  no  effect  on 
Saccharomyces  cerevisiae  cell  growth. 
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INTRODUCTION 

The  origin  of  hormones  during  evolutionary  development  is  unclear.  That  unicel¬ 
lular  organisms  communicate  by  message  molecules  is  well  documented  (Barksdale 
et  ah,  1969;  Gooday  et  ah,  1974).  Roth  et  al.  (1982)  provided  evidence  that  ver¬ 
tebrate  peptide  hormones  are  present  in  unicellular  organisms,  however,  much  less 
is  known  about  steroid  hormones.  The  existence  of  binding  proteins  with  high  affinity 
for  vertebrate  steroid  hormones  has  been  demonstrated  for  several  unicellular  fungi 
including  Candida  albicans  (Loose  et  al.,  1981;  Loose  et  al.,  1982;  Loose  et  al., 
1983a),  Paracoccidioides  brasiliensis  (Loose  et  al.,  1983b),  Coccidioides  immitis 
(Powell  et  al.,  1983)  and  Saccharomyces  cerevisiae  (Feldman  et  al.,  1982;  Feldman 
et  al.,  1984b;  Burshell  et  al.  1984). 

In  recent  years  workers  have  discovered  that  S.  cerevisiae  does  indeed  contain 
receptors  for  estradiol  and  that  they  have  shown  that  estradiol  is  actually  a  yeast 
product.  They  extracted  ~800ng/L5kg  yeast,  however,  the  amount  of  estradiol  being 
produced  and  a  physiological  function  associated  with  it  has  not  been  determined 
(Feldman  et  al.,  1984a). 

According  to  Feldman  et  al.  (1984b)  the  two  most  likely  possibilities  for  the 
presence  of  estradiol  in  S.  cerevisiae  are  that  the  yeast  uses  this  hormone  system 
to  communicate  about  food  or  sex.  An  effect  on  either  of  these  should  reflect  on 
the  overall  amount  of  growth  and  the  rate  at  which  such  growth  would  take  place. 
This  study  investigated  the  possibility  that  this  relationship  did  indeed  exist, 
hypothesizing  that  under  the  influence  of  an  appropriate  concentration  of  estradiol, 
the  yeast  will  respond  with  an  increase  in  cell  number  and/or  cell  size. 

The  finding  of  estradiol  (and  other  hormones)  in  this  unicellular  organism  has 
significance  in  a  variety  of  areas.  Firstly,  the  presence  of  estradiol  in  this  simple 
yeast  indicates  that  the  enzymatic  system  necessary  for  steroid  synthesis  must  exist 
very  early  in  evolution  (Loumaye  et  al.,  1982). 

Second,  the  presence  of  hormonal  levels  of  the  fungal  product,  in  addition  to 
the  estrogen  binding  protein,  adds  support  to  the  hypothesis  that  S.  cerevisiae  posesses 
a  hormone-receptor  system  analagous  to  those  present  in  vertebrates  (Burshell  et 
al.,  1984;  Feldman  et  al.,  1982).  However,  “although  the  hormone  appears  the  same, 
we  do  not  have  data  indicating  the  nature  of  the  functional  response  mediated  by 
this  system  in  yeast”  (Feldman  et  al.,  1982). 

A  third  area  of  significance  involves  the  possible  use  of  yeast  as  a  model  system 
to  gain  a  better  understanding  of  the  mechanism  of  steroid  hormone  action. 
“Although  we  have  not  proven  that  estradiol  acts  as  a  fungal  ‘hormone,’  the  pres¬ 
ence  of  both  a  receptor-like  protein  and  a  hormonal  endogenous  ligand  makes  this 
more  feasible”  (Feldman  et  al.,  1984a). 

The  last  area  of  significance  is  that  of  bidirectional  hormonal  interactions 
between  fungi  and  higher  organisms  (Loose  et  al.,  1981;  Loose  et  al.,  1982;  Loose 
et  al.,  1983a;  Loose  et  al.,  1983b;  Feldman  et  al.,  1982;  Burshell  et  al.,  1984).  This 
has  been  proven  in  the  yeast  Paracoccidioides  brasiliensis  by  the  inhibition  of  matu¬ 
ration  in  the  presence  of  estradiol  and  in  Coccidioides  immitis  by  an  increase  in 
dissemination  in  females  as  opposed  to  males. 
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MATERIALS  AND  METHODS 

A  commercially  dried  culture  of  S.  cerevisiae,  type  YSC-1,  containing  a  mix¬ 
ture  of  both  a  and  mating  types,  was  purchased  from  the  Sigma  Chemical  Co., 
St.  Louis.  A  stock  culture  was  maintained  in  150ml.  Difco  Yeast  Nitrogen  Base 
medium  (YNB)  (6.7g/l)  (Difco,  1984),  with  a  glucose  solution  added  (lOg/1),  and 
incubated  in  a  Chicago  Surgical  and  Electrical  incubator  at  27°  C  (Byrd  et  ah,  1982; 
Feldman  et  ah,  1982).  Cultures  were  harvested  at  3-4  days  growth  and  centrifuged 
at  2000  RPM  for  10  minutes  in  a  Beckman  J2-21  refrigerated  centrifuge.  The  pellet 
was  then  washed  three  times  with  a  saline  solution  as  described  by  Loose  et  al. 
(1983b).  The  pellet  was  then  resuspended  in  150ml.  of  fresh  YNB  media  and 
incubated  once  again. 

The  estradiol  and  all  other  chemicals  used  were  reagent  grade,  purchased  from 
Sigma  unless  otherwise  stipulated.  All  experimentation  was  done  using  aseptic  tech¬ 
nique  unless  indicated  otherwise. 

Preliminary  experimentation  was  conducted  to  determine:  a  mean  growth  curve, 
an  appropriate  concentration  of  yeast  to  be  used  in  the  actual  experimentation,  and 
the  proper  incubation  time  and  temperature.  These  tests  were  also  performed  to 
determine  the  best  instrumentation. 

In  the  actual  experimentation  20ml.  of  eight  (8)  hour  log  phase  yeast  cells  were 
harvested  from  the  stock  culture  and  transferred  to  the  appropriate  flask  contain¬ 
ing  130ml.  of  YNB  and  varying  amounts  of  estradiol  for  a  total  of  150ml.  The 
amounts  of  estradiol  used  were:  0.66pM,  1.2pM,  6.6pM  and  660pM.  These  con¬ 
centrations  were  based  on  information  that  the  estradiol  was  extracted  in  a  concen¬ 
tration  of  ~800ng/L5  kg  ( ~0.66pM)  of  yeast  (Feldman  et  al.  1984a).  Respectively, 
these  concentrations  were:  the  same,  2X,  lOX  and  lOOX  strength.  Other  concentra¬ 
tions  picked  randomly  were  the  following:  25nM,  2.5uM,  12.5uM  and  25uM. 

These  concentrations  of  estradiol  were  first  dissolved  in  ethanol  and  placed  into 
a  water  bath  at  50°C  so  as  to  overcome  the  insolubility  of  estradiol  in  water.  Upon 
complete  dissolution  in  the  ethanol,  serial  dilutions  were  carried  out,  using  YNB 
media,  to  obtain  the  milli,  micro  and  nanogram  amounts  of  estradiol  to  be  used 
(Pinto  et  al.,  1984a). 

The  cultures  were  subsequently  incubated  at  27°C  and  their  absorbances  were 
measured  on  a  Bausch  and  Lomb  Spectronic  21  at  600nm  (Dawes,  1983). 

Microscope  slides  were  also  prepared  of  the  various  concentrations  at  randomly 
selected  intervals  during  their  incubation.  These  slides  were  stained  with  methy¬ 
lene  blue  and  observed  under  light  microscopy  using  a  Bausch  and  Lomb  One-Fifty 
microscope  and  under  light,  dark  and  phase  contrast  microscopy  using  a  Nikon 
LABOPHOT  microscope.  Upon  careful  observation  appropriate  pictures  were  taken 
of  the  important  morphological  characteristics  of  certain  cells  using  a  Nikon  FX 
35  and  Nikon  Land  cameras. 


RESULTS 

The  results  obtained,  compared  with  those  of  the  controls,  showed  no  effect 
on  the  cells’  growth  in  any  of  the  cultures  with  an  estradiol  concentration  ranging 
up  to  but  not  including  25uM,  where  complete  inhibition  was  observed  (Fig.  1). 

Three  points  can  be  made  from  these  data:  (1)  the  steroid  tested  does  not  cause 
a  change  in  the  time  to  the  onset  of  exponential  growth,  (2)  there  was  no  change 
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in  the  rate  of  exponential  growth,  implying  no  change  in  the  length  of  the  cell  cycle, 
and  (3)  there  was  no  change  in  the  cell  concentration  at  the  plateau  phase  after 
treatment. 

In  regard  to  the  25uM  concentration’s  inhibition  of  growth,  its  cause  can  only 
be  speculated  at  this  time;  the  most  probable  being  that  in  such  a  high  concentra¬ 
tion  the  molecule  exhibited  a  toxic  effect  on  the  yeast. 

Upon  observation  of  the  slides  and  photographs  it  was  concluded  that  there  was 
no  effect  on  the  morphology  of  any  of  the  cultures  except  the  25uM  culture.  All 
other  cultures  appeared  normal  for  their  particular  life  stage. 

The  lag  phase  cells  appear  less  dense  and  smaller  than  those  of  the  log  phase. 
There  was  also  an  obvious  decrease  in  the  number  of  budding  cells  in  the  lag  phase 
as  compared  to  the  log  phase.  This  was  the  case  for  all  of  the  cultures  except  that 
of  the  25uM.  In  the  early  stage  of  the  25uM  culture  (0-I2h)  cellular  budding  was 
virtually  absent.  This  was  also  the  case  in  the  late  stage  of  the  25uM  culture  (I2-48h) 
lending  support  to  the  spectrophotometric  evidence  that  there  was  no  growth. 

It  was  also  determined,  through  microscopic  examination  of  the  cultures,  that 
there  was  no  bacterial  or  other  contamination  which  may  have  interferred  with 
the  results  obtained. 


DISCUSSION 

As  the  results  imply,  there  is  no  growth  response  associated  with  17-B-estradiol 
in  S.  cerevisiae.  None  of  the  experimentation  showed  any  change  in  the  growth  except 
that  of  the  25uM  culture,  leading  to  the  conclusion  that  the  original  hypothesis  was 
incorrect. 

Another  hypothesis  correlating  estradiol  with  S.  cerevisiae  would  be  to  repeat 
the  experimental  protocol  but  with  separate  haplotype  populations  (a  and  ).  Then 
mix  the  two  haplotypes  and  determine  if  the  mixed  culture  resulted  in  an  increase 
in  the  absorbance  compared  to  the  separated  culture.  If  an  increase  was  observed 
in  the  mixed  culture  it  would  indicate  that  estradiol  functions  to  increase  the  fusion 
of  the  haplotypes  (Feldman,  1985). 

The  most  recent  hypothesis  being  proposed  (Feldman,  1985)  is  that  the  yeast 
are  using  an  enzyme  system  of  their  own  and  producing  estradiol  (and  other  hor¬ 
mones)  from  the  nutrients  in  the  media.  However,  this  hypothesis  is  still  under  inves¬ 
tigation  so  no  valid  conclusions  may  be  drawn  at  this  time. 

One  other  hypothesis  that  is  in  need  of  further  investigation  is  that  it  is  not  estradiol 
that  functions  in  the  yeast  but  a  precursor  or  product  of  it.  A  molecule  such  as 
testosterone  may  be  the  active  steroid  that  affects  growth  or  sex  and  after  it  is  used 
it  is  converted  to  estradiol.  This  is  why  there  is  such  a  high  specific-binding  of 
estradiol  in  the  yeast.  The  other  possibility  is  that  estriol  or  estrone  is  being  used 
as  the  primary  steriod  for  growth  or  sex  and  that  before  it  is  produced  the  estradiol 
is  being  detected  in  the  binding  assays. 

Both  of  these  possibilities  show  some  degree  of  validity  since  many  different 
steroids  have  been  detected  in  yeast  (Loose,  1983b).  Other  support  comes  from  the 
fact  that  humans  can  produce  estradiol  from  testosterone  as  well  as  produce  estriol 
and  estrone  from  estradiol  (Hadley,  1984).  Therefore,  if  it  is  correct  to  assume  that 
these  hormones  were  conserved  evolutionarily,  then  the  precursors,  products  and 
enzymes  necessary  for  conversion  may  have  been  conserved  as  well. 
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SUMMARY 

The  mammalian  hormone  17-B-estradiol  has  recently  been  discovered  in  the 
yeast  Saccharomyces  cerevisiae  (Feldman,  1984b).  However,  no  one  has  as  yet 
associated  its  presence  with  any  physiological  function.  This  study  investigated  the 
hypothesis  that  estradiol  functioned  to  increase  cell  number  and/or  cell  size  in  Sac¬ 
charomyces  cerevisiae.  The  methods  used  to  examine  this  hypothesis  were  to  cul¬ 
ture  S.  cerevisiae  in  the  presence  of  estradiol  in  various  concentrations  ranging  from 
0.66pM  to  25uM.  These  cultures  were  monitored  spectrophotometrically  and 
microscopically  for  any  deviation  from  the  controls.  The  results  obtained  showed 
that,  in  cultures  whose  estradiol  concentrations  ranged  from  0.66pM  to  12.5uM, 
there  was  no  deviation  from  that  of  the  controls.  However,  the  25uM  culture  showed 
complete  inhibition  of  growth  which  was  most  likely  due  to  a  toxic  effect  of  the 
estradiol  on  the  yeast.  These  results  led  to  the  conclusion  that  estradiol  had  no  effect 
on  S.  cerevisiae  when  introduced  in  physiologically  tolerable  concentrations.  There¬ 
fore,  the  estradiol  must  serve  another  function  in  the  yeast  but  to  date  there  is  no 
evidence  of  any  particular  function. 
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Fig.  1  Growth  curves  of  estradiol  concentrations  ranging  from  0.66pM  to  25uM  compared  with  the 
control. 
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ABSTRACT 

Aqueous  glucose  (10%  wt/wt)  was  converted  to  ethanol  by  Saccharomyces 
cerevisiae  NRRL  Y-2034  entrapped  in  calcium  alginate  gel  in  continuous-flow  fer- 
mentors.  Different  glucose  feed-solution  flow-rates  [3  ml/hour  (dilution  rate 
0.026/hour),  5  ml/hour  (dilution  rate  0.043/hour),  and  7  ml/hour  (dilution  rate 
0.060/hour)],  and  yeast  cell  concentrations  (20  g  10  g,  5  g,  and  1  g,  wet  wt  per 
115  ml)  were  used  to  determine  their  effect  on  the  glucose  conversion  to  ethanol. 
Entrapped  30-hour  (late  log  phase)  and  96-hour  (beginning  death  phase)  S.  cerevisiae 
cells  were  compared  for  each  experimental  condition.  The  results  confirm  our  previ¬ 
ous  data  where  the  older  alginate-entrapped  cells  (96  hour)  ferment  over  a  much 
longer  perid  than  do  younger  cells  (30  hour).  The  highest  quantities  of  cells  (20  g 
and  10  g)  at  the  lowest  glucose  flow  rate  (3  ml/hour)  produced  the  most  ethanol. 

INTRODUCTION 

Ethanol  is  used  as  a  solvent,  in  beverages,  in  food  and  feed  via  single  cell  pro¬ 
tein,  in  hydrogen  synthesis  (via  ethylene),  as  gasoline  dilutant  (gasohol),  for  biolog¬ 
ical  energy  (ATP)  and  as  an  intermediate  in  the  production  of  chemicals.  The  ancient 
art  of  converting  sugar  to  alcohol  by  yeast  fermentation  has  been  well  documented 
in  the  literature  (Del  Rosario  et  ah,  1979). 

Presented  in  part  at  the  85th  Annual  Meeting  of  the  American  Society  for  Microbiology,  Las  Vegas, 
Nevada,  March  3-8,  1985. 
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Continuous  heterogeneous  catalysis  by  immobilization  techniques  may  be  the 
most  efficient  approach  to  fermentation  processes.  There  is  a  surge  of  research  activity 
in  this  novel  and  rapidly  growing  field  (Chibata  and  Tosa,  1981;  Wada  et  al.,  1981; 
Arcuri  et  ah,  1980,  Chose  and  Bandyopadhyay,  1980).  We  have  investigated  the 
use  of  immobilized  cell  technology  for  ethanol  production  (Bagby,  1983).  Our  previ¬ 
ous  research  showed  that  calcium  alginate  gel  is  an  efficient  matrix  for  entrapment 
of  yeast  cells.  Further,  we  demonstrated  that  Saccharomyces  cerevisiae  produces 
alcohol  from  glucose  for  as  long  as  three  months  in  a  continuous-flow  fermentor. 
The  fact  that  young  immobilized  yeast  cultures  (24-48  hour  old,  late  log  phase)  have 
a  shorter  glucose  fermentation  lifespan  than  older  cultures  (72-96  hour,  early  death 
phase)  was  also  shown  in  our  previously  reported  data  (McGhee  et  ah,  1982  & 
1982a). 

The  data  presented  here  elucidate  the  quantity  of  Saccharomyces  cerevisiae 
(NRRL  Y-2034)  and  the  optimum  glucose  feed  solution  flow  rate  needed  for  con¬ 
tinuous  maximum  ethanol  production.  Aqueous  glucose  (10%  wt/wt)  fermentation 
to  ethanol  by  30-hour  (late  log  phase)  and  96-hour  (beginning  death  phase)  cal¬ 
cium  alginate-immobilized  (entrapped)  S.  cerevisiae  at  20  g,  10  g,  5  g,  and  1  g  (per 
115  ml  fermentor  vol  of  glucose  feed)  are  compared.  Ethanol  production  results 
are  given  for  each  of  the  different  quantities  of  entrapped  yeast  as  they  are  fed  the 
glucose  solution  continuously  at  flow  rates  of  3  ml,  5  ml,  and  7  ml  per  hour  (dilu¬ 
tion  rates  of  0.026  hour“^,  0.043  hour“^  0.060  hour~^,  respectively). 

MATERIALS  AND  METHODS 

Microorganism  and  culture  conditions.  S.  cerevisiae  NRRL  Y-2034  was  obtained 
from  the  Agricultural  Research  Service  Culture  Collection  and  maintained  in  liquid 
YMG  medium  (pH  6.8),  which  contains  (per  liter)  5  g  of  yeast  extract,  5  g  of  malt 
extract,  5  g  of  peptone,  and  20  g  of  glucose.  The  yeast  cells  were  grown  as  previ¬ 
ously  described  (McGhee  et  ah,  1982). 

Immobilization  of  yeast  cells.  20  g,  10  g,  5  g,  or  1  g  (wet  wt)  of  30-  or  96-hour 
S.  cerevisiae  cells  were  mixed  with  1  g  of  sodium  alginate  and  encapsulated  into 
beads  as  previously  described  (McGhee  et  ah,  1982).  Each  calcium  alginate  bead 
contained  an  average  of  1  x  lO*^  cells  (range  1  x  10®  to  2  x  10*^)  when  the  20  g 
yeast  paste  was  entrapped;  4  x  10®  cells/bead  (range  1  x  10®  to  8  x  10®)  for  the 
10  g  yeast  paste;  9  x  10®  cells/bead  for  the  5  g  yeast  paste  (range  1  x  10®  to  2  x 
10®)  and  1  X  10"^  cells/bead  (range  0  to  1  x  10®)  for  the  1-g  yeast  paste.  Viable 
cell  counts  were  made  prior  to  immobilizing  the  yeast  cells,  after  the  cells  were 
entrapped  in  the  alginate  bead,  periodically  during  the  fermentation  experiments 
and  again  at  the  end  of  the  experiments. 

Fermentation.  The  continuous-flow  fermentor  is  depicted  in  a  simplified  dia¬ 
gram  in  Eigure  1;  in  practice  four  to  six  columns  were  operated  simultaneously  during 
each  experiment.  A  detailed  description  of  the  continuous-flow  system  has  been 
presented  previously  (McGhee  et  al,  1982).  In  full  operation,  the  fermentor  column 
contains  1,200  calcium-alginate  beads  and  115  ml  of  the  glucose  feed  solution.  The 
glucose  solution  was  pumped  from  the  reservoir  at  flow  rates  of  either  3  ml,  5  ml, 
or  7  ml/hour  (dilution  rates  of  0.026  hour“^,  0.043  hour~^,  0.060  hour~^,  respec¬ 
tively)  upward  into  the  bottom  of  the  column  through  the  bed  of  calcium  alginate- 
entrapped  yeast  cells  and  finally  into  the  collecting  flask.  Ethanol  concentrations 
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were  determined  by  gas-liquid  chromatography.  Glucose  control  and  residual  glu¬ 
cose  in  the  product  solution  were  determined  by  high-pressure  liquid  chromato¬ 
graphy.  Ethanol  and  glucose  were  calculated  on  a  wt/wt  basis  and  are  reported 
as  g/100  g  solution.  All  data  presented  are  average  values  calculated  from  3-5  separate 
experiments  for  each  set  of  parameters.  The  fermentations  were  carried  out  at 
28-30°C. 


RESULTS 

Figures  2  and  3  both  show  ethanol  production  with  a  glucose  feed  solution  flow 
rate  of  3  ml  per  hour.  Figure  2  shows  glucose  fermentation  by  30-hour  cells,  and 
Figure  3  shows  results  with  96-hour  cells.  Although  the  patterns  of  alcohol  produc¬ 
tion  were  similar,  the  duration  of  glucose  conversion  to  ethanol  was  different.  The 
20  g  of  30-hour  cells  produced  the  maximum  theoretical  yield  of  ethanol  (5.11  g/10  g 
of  glucose)  from  day  7  to  16  of  the  continuous  fermentation.  The  10  g  of  30-hour 
cells  produced  4.9  g  of  ethanol  (about  96%  glucose  conversion)  continuously  from 
day  7  to  16.  The  5  g  of  30-hour  cells  produced  4. 7-5.0  g  of  ethanol  (92%  to  98% 
conversion)  from  day  3  to  day  7.  A  continuous  4.5  g  (about  88%  conversion)  of 
ethanol  production  occurred  from  day  8  to  14.  In  each  of  the  cell  quantities  (except 
1  g  of  cells)  ethanol  production  gradually  decreased  and  ended  at  day  30  (Fig.  2). 
The  1  g  of  30-hour  cells  (as  well  as  all  other  tests  with  1  g  of  cells)  never  was  capable 
of  extended  ethanol  production. 

The  20  g  of  96-hour  cells  with  a  glucose  feed  solution  flow  rate  of  3  ml/hour 
converted  100%  of  the  glucose  to  ethanol  beginning  at  day  3  and  continuing  for 
about  3  months  (Fig.  3).  The  10  g  of  96-hour  cells  (3  ml/hour  flow  rate)  converted 
100%  of  the  glucose  to  ethanol  continuously  from  day  4  to  day  50  of  the  fermenta¬ 
tion.  Peak  ethanol  production  (5.0  g,  98%  glucose  conversion)  occured  only  for  two 
days  with  the  5  g  of  entrapped  yeast  cells.  As  can  be  seen  in  Figure  3,  ethanol  produc¬ 
tion  abruptly  declined  at  day  92  for  the  96-hour  cells  and  ceased  at  day  94.  The 
10  g  and  5  g  of  cells  (3  ml/hour  flow  rate)  ended  ethanol  production  at  day  72  and 
62,  respectively. 

Figures  4  and  5  depict  ethanol  production  with  a  glucose  feed  solution  flow 
rate  of  5  ml  per  hour  (0.043  hour~^  dilution  rate).  These  figures  compare  30-hour 
yeast  cells  (Fig.  4)  with  96-hour  cells  (Fig.  5).  The  20  g  of  30-hour  cells  gradually 
increased  their  ethanol  production  efficiency  to  a  high  of  4.5  g  (88%  conversion) 
from  day  5  to  7  and  then  gradually  dropped  to  a  low  of  less  than  0.4  g  ethanol 
by  day  16.  The  10  g  of  30-hour  cells  peaked  ethanol  production  for  one  day  at  4.5  g 
(88%  conversion)  and  then  continuously  descreased  daily  to  minimal  production 
by  day  12.  The  5  g  of  30-hour  cells  never  produced  more  than  2.4  g  of  ethanol  and 
that  amount  for  only  one  day  (Fig.  4).  The  96-hour  cells  sustained  ethanol  produc¬ 
tion  levels  for  longer  peroids  of  time  than  did  the  30-hour  cells.  For  example,  at 
the  20  g  and  10  g  quantities  96-hour  cells  converted  88%  and  82%  of  the  glucose 
for  11  and  8  days,  respectively  (Fig.  5). 

Figures  6  and  7  present  data  regarding  30-hour  or  96-hour  cells  at  7  ml/hour 
(0.060  hour‘‘  dilution  rate)  glucose  feed  solution  flow  rate.  At  this  fastest  flow 
rate,  the  20  g  of  30-hour  cells  daily  increased  their  ethanol  production  to  a  high 
of  4.8  g  (94  %  conversion)  on  day  3,  then  the  amount  of  ethanol  produced  diminished 
daily  to  1.0  g  (20%  conversion)  by  day  12.  The  10  g  of  cells  (30-hour  old)  followed 
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the  ethanol  production  pattern  of  the  highest  cell  quantity  but  produced  less  ethanol. 
The  5  g  of  cells  produced  significantly  less  ethanol,  and  no  ethanol  was  produced 
by  the  1  g  of  cells  (Fig.  6).  In  contrast,  the  96-hour  cells  demonstrated  the  capabil¬ 
ity  to  sustain  a  continuous  level  of  ethanol  production  for  several  days.  As  can  be 
seen  in  Figure  7,  the  20  g  of  cells  produced  a  high  of  4.2  g  (82%  conversion)  ethanol 
for  4  days  and  the  10  g  of  cells  produced  3.0  g  (59  %  conversion)  ethanol  for  9  days. 

DISCUSSION 

Colony  counts  were  used  to  calculate  the  number  of  cells  viable  in  the  total 
cell  population.  Initially  about  90%  of  the  centrifuged  30-hour  yeast  cells  were  viable 
as  were  nearly  40%  of  the  96-hour  cells.  However,  the  alginate-bound  30-hour 
S.  cerevisiae  maintained  a  25%  viability  for  one  week  with  a  gradual  decrease  to 
3%  viability  by  day  16.  The  96-hour  alginate-entrapped  cells  maintained  about  10% 
viability  for  one  week  and  decreased  to  1  %  viability  by  day  12  of  the  continuous- 
flow  fermentation.  Obviously,  the  ability  of  the  yeasts  to  reproduce  (viability)  is 
not  a  prerequisite  to  their  converting  glucose  to  ethanol. 

The  obvious  general  conclusion  that  can  be  garnered  from  Figures  2-7  is  that 
cell  quantity,  glucose  feed  solution  flow  rate,  yeast  age,  total  amount  of  ethanol 
produced,  and  the  duration  of  the  fermentation  are  all  important  considerations 
for  developing  a  continuous-flow  system.  The  most  important  result  is  the  20  g  of 
96-hour  S.  cerevisiae  cells  produced  the  most  total  ethanol  (470.9  g)  at  a  3  ml/hour 
flow  rate.  Also,  these  data  again  confirm  that  older  cells  (96  hour)  make  for  a  column 
with  a  much  longer  lifespan  than  do  younger  cells  (30  hour). 

However,  what  is  not  readily  apparent  from  the  figures  is  that  usually  the  larger 
concentration  of  immobilized  yeast  cells  (20  g/II5  ml  glucose  feed  solution)  produced 
less  ethanol  per  gram  of  cells  than  did  the  smaller  number  of  cells  (the  exception 
being  the  I  g  of  cells/ 1 15  ml).  This  phenomenon  occurs  regardless  of  the  glucose 
feed  solution  flow  rate  or  the  age  of  the  cells  as  can  be  seen  in  Table  I.  For  exam¬ 
ple,  at  3  ml/hour  flow  rate  20  g  of  96-hour  cells  produced  a  total  of  23.5  g  of  ethanol/ g 
of  cells,  whereas  10  g  of  cells  produced  a  total  of  34.3  g  of  ethanol/g  of  cells  and 
5  g  of  cells  produced  43.1  g  total  ethanol/g  of  cells  (Table  1). 

The  fermentations  containing  20  g  of  96-hour  cells  (3  ml/hour  feed  solution  flow 
rate)  continued  for  94  days,  the  fermentations  with  10  g  of  cells  continued  for  72 
days  and  the  fermentations  with  5  g  of  cells  continued  for  62  days.  Therefore,  the 
maximal  number  of  cells  should  be  used  in  the  continuous-flow  system  if  maximum 
total  quantity  of  ethanol  is  the  priority.  However,  if  shorter  duration  of  the  fer¬ 
mentation  is  desirable  along  with  maximal  ethanol  production  per  gram  of  cells, 
then  a  smaller  amount  of  cells  should  be  used. 

Although  glucose  feed  solution  flow  rate  does  not  affect  the  relationship  of  cell 
numbers  to  grams  of  ethanol  produced,  it  clearly  affects  the  total  amount  of  ethanol 
produced.  Invariably  the  longer  the  glucose  solution  was  retained  in  the  fermentor 
column,  the  more  complete  its  conversion  to  ethanol.  The  slowest  flow  rate  yielded 
a  total  of  24  g  ethanol  per  gram  of  cells  in  the  20  g  cell  concentration,  whereas  the 
5  ml/hour  flow  rate  caused  8  g  of  total  ethanol  to  be  produced  per  gram  of  yeasts, 
and  20  g  of  cells  produced  only  2  g  ethanol/g  of  cells  at  the  7  ml/hour  flow  rate. 
The  other  cell  concentrations  gave  similar  decreasing  ethanol  totals  with  increasing 
feed  solution  flow  rate.  Apparently,  the  feed  solution  must  make  a  certain  sustained 
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contact  time  with  the  yeast  to  enable  glucose  incorporation  into  the  metabolic 
pathway. 

The  extended  duration  of  ethanol  production  by  the  highest  quantity  of  cells 
does  indicate  that  a  larger  pool  of  enzymes  necessary  for  the  conversion  of  glucose 
to  ethanol  is  present  for  a  longer  period  of  time.  The  fact  that  less  ethanol  per  gram 
of  cells  is  produced  by  the  larger  quantity  of  cells  may  be  partially  explained  by 
the  research  of  Lee  and  Woodward  regarding  properties  and  application  of  immobi¬ 
lized  b-D-glucosidase  (Lee  and  Woodward,  1983).  Their  data  suggest  that  a  con¬ 
centration  gradient  exists  between  the  glucose  (10.0%  w/w)  in  the  feed  solution 
and  the  glucose  within  the  calcium  aglinate  bead,  so  that  glucose  concentration  per 
yeast  cell  is  less  than  optimal.  Also  it  may  be  simply  that  some  yeast  cells  are  physi¬ 
cally  crowded  together  in  such  a  manner  as  to  never  come  into  contact  with  any 
significant  glucose  concentration.  The  abrupt  cessation  of  alcohol  production  in  many 
of  the  experiments  might  imply  the  depletion  of  the  enzyme  systems  needed  to  main¬ 
tain  glycolysis.  Other  possibilities  for  the  loss  of  alcohol  production  include  intracel¬ 
lular  pH  change,  osmolarity  imbalance,  cofactors,  and  cell  structure  integrity. 
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Table  1. 

Continuous  Ethanol  Production  by  Saccharomyces  cerevisiae 


Immobilized 
yeast/ 115  ml 
glucose  feed 
solution 

Glucose  feed  solution  flow  rate/hour 

30-hour  culture 

96-hour  culture 

3  ml 

5  ml 

7  ml 

3  ml 

5  ml 

7  ml 

(g) 

(total  g  ethanol/g  yeast) 

1 

14.2 

1.8 

0.0 

31.0 

9.0 

0.0 

5 

20.4 

2.9 

2.2 

43.1 

8.2 

2.0 

10 

11.6 

2.7 

1.9 

34.3 

11.7 

3.9 

20 

5.7 

2.1 

1.8 

23.5 

8.2 

1.7 

See  Figures  2-7  for  the  duration  of  each  fermentation. 


Column  containing 
Alginate  Entrapped 


to  ethanol  via  calcium-alginate  entrapped  Saccharomyces  cerevisiae  NRRL  Y-2034. 


30  hr.  old  cells 
Flow  rate:  3  ml/hr. 

Amount  of  cells  by  wt.  (g) 
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Continuous  aqueous  glucose  (10%  wt/wt)  fermentation  to  ethanol  by  different  gram  (wet  wt) 
quantities  of  calcium-alginate  entrapped  Saccharomyces  cerevisiae  NRRL  Y-2034.  The  yeast 
cells  are  30  hours  old  (late  log  phase)  and  the  glucose  feed  solution  flow  rate  is  3  ml/hour 
(0.026  hour“^  dilution  rate).  The  fermentation  is  carried  out  at  28-30°C. 
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Fig.  3.  Continuous  aqueous  glucose  (10%  wt/wt)  fermentation  to  ethanol  by  different  gram  (wet  wt) 
quantities  of  calcium-alginate  entrapped  Saccharomyces  cerevisiae  NRRL  Y-2034.  The  yeast 
cells  are  96  hours  old  (beginning  death  phase)  and  the  glucose  feed  solution  flow  rate  is 
3  ml/hour  (0.026  hour“^  dilution  rate).  The  fermentation  is  carried  out  at  28-30°C. 
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Continuous  aqueous  glucose  (10%  wt/wt)  fermentation  to  ethanol  by  different  gram  (wet  wt) 
quantities  of  calcium-alginate  entrapped  Saccharomyces  cerevisiae  NRRL  Y-2034.  The  yeast 
cells  are  30  hours  old  (late  log  phase)  and  the  glucose  feed  solution  flow  rate  is  5  ml/hour 
(0.043  hour~^  dilution  rate).  The  fermentation  is  carried  out  at  28-30°C. 
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Fig.  5.  Continuous  aqueous  glucose  (10%  wt/wt)  fermentation  to  ethanol  by  different  gram  (wet  wt) 
quantities  of  calcium-alginate  entrapped  Saccharomyces  cerevisiae  NRRL  Y-2034.  The  yeast 
cells  are  96  hours  old  (beginning  death  phase)  and  the  glucose  feed  solution  flow  rate  is 
5  ml/hour  (0.043  hour“^  dilution  rate).  The  fermentation  is  carried  out  at  28-30°C. 
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Fig.  6.  Continuous  aqueous  glucose  (10%  wt/wt)  fermentation  to  ethanol  by  different  gram  (wet  wt) 
quantities  of  calcium-alginate  entrapped  Saccharomyces  cerevisiae  NRRL  Y-2034.  The  yeast 
cells  are  30  hours  old  (late  log  phase)  and  the  glucose  feed  solution  flow  rate  is  7  ml/hour 
(0.060  hour~^  dilution  rate).  The  fermentation  is  carried  out  at  28-30°C. 
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Fig.  7.  Continuous  aqueous  glucose  (10%  wt/wt)  fermentation  to  ethanol  by  different  gram  (wet  wt) 
quantities  of  calcium-alginate  entrapped  Saccharomyces  cerevisiae  NRRL  Y-2034.  The  yeast 
cells  are  96  hours  old  (beginning  death  phase)  and  the  glucose  feed  solution  is  7  ml/hour  (0.060 
hour~^  dilution  rate).  The  fermentation  is  carried  out  at  28-30°C. 
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ABSTRACT 

Notropis  hubbsi,  the  bluehead  shiner,  is  one  of  Illinois’  rarest  animals  in  terms 
of  numbers  of  individuals  and  localities  known.  A  compilation  of  existing  and  newly 
discovered  records  of  the  species  indicates  it  is  restricted  to  Wolf  Lake,  Otter  Pond, 
and  perhaps  springs  along  the  bluffs  in  the  LaRue-Pine  Hills  Ecological  Area  (all 
Union  County).  Despite  intensive,  surveys  of  Wolf  Lake  and  extensive  surveys  of 
the  area,  no  specimens  have  been  collected  since  1974,  and  the  species  may  be  extir¬ 
pated  from  Illinois.  A  summary  of  life  history  information  taken  from  201  speci¬ 
mens  indicates:  females  are  sexually  mature  at  1  yr  (47  mm  standard  length); 
spawning  occurs  from  May  to  July;  the  one  gravid  female  examined  contained  781 
mature  ova;  ova  average  0.8  mm  in  diameter  and  are  orange  in  color;  and  the  spe¬ 
cies  lives  a  maximum  of  2  yrs  and  reaches  a  maximum  standard  length  of  54  mm. 
We  recommend:  continued  surveys  for  the  species  in  appropriate  habitat  in  Illinois, 
retention  on  the  Illinois  endangered  species  list,  and  future  consideration  of  rein¬ 
troduction  into  Wolf  Lake  of  individuals  obtained  from  Arkansas  populations. 

INTRODUCTION 

The  bluehead  shiner,  Notropis  hubbsi,  is  one  of  Illinois’  rarest  animals  in  terms 
of  individuals  known  and  numbers  of  localities  of  occurrence  (Smith  1979).  The 
Illinois  population  of  N.  hubbsi  is  also  unusual  in  being  disjunct  (ca.  443  air  km) 
from  the  closest  population  in  southern  Arkansas.  The  known  range  of  the  species 
includes  populations  in  Illinois,  Arkansas,  Texas,  Oklahoma,  and  Louisiana  (Bailey 
and  Robison  1978,  Miller  1984). 

The  species  was  discovered  on  14  August  1954  by  Gerald  E.  Gunning  who  col¬ 
lected  four  specimens  of  a  minnow  from  Wolf  Lake,  Union  Gounty,  Illinois.  Speci¬ 
mens  sent  to  Reeve  M.  Bailey  (University  of  Michigan  Museum  of  Zoology)  were 
recognized  as  an  undescribed  species.  On  21  June  1973  Brooks  M.  Burr  and  Lawrence 
M.  Page  collected  two  adults  of  the  same  minnow  from  Wolf  Lake.  A  total  of  12 
adults  along  with  187  young-of- the- year  were  collected  by  Burr  et  al.  during  the 
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following  year.  The  adult  specimens  were  subsequently  designated  as  paratypes  in 
the  original  description  of  N.  hubbsi  (Bailey  and  Robison  1978). 

In  spring  1974  and  1979,  several  hundred  pounds  of  an  acid  compound  and 
a  toxic  chemical,  respectively,  were  dumped  into  Wolf  Lake  as  a  result  of  train  de¬ 
railments.  Much  of  the  littoral  vegetation  of  the  lake  was  destroyed,  and  massive 
fish  kills  resulted.  Several  collecting  efforts  in  the  lake  during  1974-1979  failed  to 
demonstrate  the  presence  of  N.  hubbsi  even  though  the  vegetation  and  populations 
of  other  fishes  appeared  to  recover. 

To  date,  virtually  nothing  is  known  about  the  natural  history  or  ecology  of 
N.  hubbsi  in  Illinois,  or  elsewhere,  except  for  some  brief  observations  and  data  sum¬ 
marized  by  Smith  (1979)  and  a  characterization  of  its  preferred  habitat  and  species 
associates  in  Locust  Bayou,  Calhoun  County,  Arkansas  (Bailey  and  Robison  1978). 
Because  of  its  small  known  range,  small  population  size,  and  occurrence  in  a  lake 
that  has  been  periodically  polluted,  the  species  has  been  placed  on  the  Illinois  list 
of  endangered  species. 

This  paper  summarizes  information  on  N.  hubbsi  in  Illinois  including:  results 
of  a  1.5  yr  intensive  survey  (1981-1982)  for  the  species  in  Wolf  Lake;  the  discovery 
of  additional  Illinois  localities;  aspects  of  growth  and  reproductive  biology  of  the 
species;  and  recommendations  for  further  conservation  consideration  of  N.  hubbsi. 

METHODS 

Wolf  Lake  is  situated  in  Union  County  just  south  of  the  LaRue-Pine  Hills  Eco¬ 
logical  Area  to  which  it  is  connected  by  bottomland  swamp.  Burr  (1977)  provided 
a  description  of  Wolf  Lake  and  characterized  the  aquatic  habitats  in  the  lake. 

Sampling  of  Wolf  Lake  was  begun  in  March  1981  and  was  conducted  at  least 
twice  a  week  through  August  1981.  Occasional  visits  were  made  during  fall  1981 
and  spring  1982.  One  to  four  sampling  trips  a  year  were  made  from  1983  through 
June  1985.  Sampling  gear  included  seines  (6  m  bag  and  3  m  common-sense  seines 
of  various  mesh  sizes),  A.C.  boat-mounted  electroshocker,  minnow  traps  (30,  4-liter 
plastic  Camp  Minnow  Trap  Type  IV  and  one,  Imx  Imx  Im  wire  minnow 
trap),  and  trawling  (3  m  bag  seine)  from  the  stern  of  a  boat. 

Forty  trips  were  made  to  Wolf  Lake  during  1981-1982  with  an  average  of  6 
hr  of  field  work  per  trip.  At  least  two,  but  sometimes  as  many  as  five  people,  par¬ 
ticipated  in  field  work.  Approximately  500  man-hr  of  field  time  were  spent  in  search¬ 
ing  for  N.  hubbsi  in  the  lake.  It  should  be  noted  that  the  extensive,  dense  vegetation 
and  numerous  submerged  objects  in  the  lake  made  sampling  extremely  difficult 
regardless  of  the  method  employed. 

Most  observations  and  collections  in  Wolf  Lake  were  made  near  the  Powder 
Plant  bridge  (Fig.  1),  the  only  access  by  road  to  the  lake.  Other  portions  of  the  lake 
were  accessed  by  boat  or  foot.  Both  day  and  night  seining  to  2  m  depths  was  done 
regularly  along  the  shoreline  in  accessible  areas.  Minnow  traps  were  set  in  a  variety 
of  habitats  and  depths  throughout  the  lake.  Daytime  electroshocking  was  conducted 
on  two  occasions  in  late  August  for  several  hours  over  much  of  the  lake.  Trawling 
was  conducted  in  open  water  on  about  every  third  visit  to  the  lake. 

Large  predatory  fishes  (viz.,  Amia  calva,  Lepisosteus  oculatus)  were  returned 
to  the  laboratory  for  examination  of  stomach  contents.  Representatives  of  each  fish 
species  collected  from  Wolf  Lake  were  fixed  in  10%  formalin,  stored  in  70%  ethanol. 
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and  are  now  on  deposit  in  the  SIUC  ichthyologieal  collection.  All  measurements 
are  expressed  as  standard  lengths  (SL)  in  millimeters  (mm).  Museum  acronyms  fol¬ 
low  Leviton  et  al.  (1985). 


RESULTS 

Despite  intensive  and  extensive  sampling  efforts,  using  virtually  every  sampling 
method  except  fish  toxicants,  no  specimens  of  N.  hubbsi  were  collected  from  Wolf 
Lake  during  the  study  period.  Thus,  the  last  known  collection  of  N.  hubbsi  from 
Wolf  Lake  was  28  March  1974  when  two  adults  were  taken  (INKS  75028).  All 
1973-1974  collections  of  N.  hubbsi  were  from  both  the  west  and  east  sides  of  Wolf 
Lake,  but  only  near  the  Powder  Plant  bridge  (Fig.  1). 

A  46.6  mm  SL  gravid  female  of  N.  hubbsi  was  discovered  in  the  UL  fish  collec¬ 
tion,  was  subsequently  transferred,  and  is  now  deposited  as  SIUC  8266.  This  indi¬ 
vidual  was  collected  by  John  G.  Weise  on  9  June  1952  from  Pine  Hills  swamp.  Union 
County,  Illinois.  Weise  apparently  collected  this  specimen  while  completing  a  study 
of  the  amphipod  Gammarus  troglophilus  (Weise  1953)  in  what  is  now  called  the 
LaRue-Pine  Hills  Ecological  Area.  Weise  is  now  deceased,  and  absolute  verifica¬ 
tion  of  the  Pine  Hills  locality  is  not  possible.  Weise  (1953,  1957)  indicated  that  his 
collecting  in  Pine  Hills  was  done  mostly  in  the  springs  along  the  bluff.  These  springs 
and  spring  runs  which  enter  the  swamp  several  meters  from  the  bluff  are  charac¬ 
terized  by  luxuriant  growths  of  submerged  aquatic  plants.  This  habitat  is  similar 
to  that  described  for  the  species  in  southern  Arkansas  (Bailey  and  Robison  1978). 
An  additional  specimen  of  N.  hubbsi  was  discovered  in  the  herpetology  collection 
at  SIUC  and  is  now  deposited  in  the  fish  collection  (SIUC  5081).  The  specimen  was 
collected  in  July  1969  by  Earl  W.  Harris  in  Otter  Pond,  Union  County,  at  the  north¬ 
east  shore  of  the  pond  and  is  a  tuberculate  male  (54  mm  SL).  Otter  Pond  lies  between 
Wolf  Lake  and  the  Pine  Hills  springs  collected  by  Weise  (Fig.  1)  and  is  connected 
to  both  by  bottomland  swamp.  The  discovery  of  these  two  specimens  suggests 
N.  hubbsi  may  still  be  present  in  Pine  Hills  in  the  relatively  undisturbed  springs 
or  in  Otter  Pond  despite  considerable  recent  collecting  in  these  areas  that  has  failed 
to  reveal  the  species  (Boyd  et  al.  1975). 

Specimens  of  N.  hubbsi  collected  in  1973-1974  were  all  from  near  shore  in  water 
<1.8  m  in  depth.  All  were  collected  within  5  m  of  the  Powder  Plant  bridge  (Fig.  1). 
During  the  1973-1974  study  only  a  cursory  sampling  of  the  open  portion  of  the  lake 
was  conducted,  but  no  N.  hubbsi  were  ever  taken  from  that  area.  Adults  were  caught 
singly;  young-of-the-year  apparently  school  since  large  numbers  were  taken  in  indi¬ 
vidual  seine  hauls  during  June,  July,  and  August. 

The  habitat  of  N.  hubbsi  in  Wolf  Lake  is  apparently  similar  to  that  of  Lepomis 
symmetricus  (Burr  1977).  The  species  occurs  in  the  vegetated  periphery  of  the  lake 
over  a  mud,  detritus,  and  decayed  plant  bottom,  and  around  debris  of  standing 
timber,  submerged  logs,  and  stumps  in  tea-colored  water. 

Life  history  aspects  of  N.  hubbsi  in  Wolf  Lake-Pine  Hills,  Illinois,  are  summa¬ 
rized  in  Table  1.  The  54  mm  SL  male  collected  in  July  1969  is  tuberculate  and  is 
the  largest  known  male  of  the  species.  The  46.6  mm  SL  female  collected  on  9  June 
1952  is  gravid;  the  first  young-of-the-year  were  collected  in  late  June  1973.  These 
26  specimens  ranged  in  SL  from  10  to  15  mm  and  are  estimated  to  be  1-2  weeks 
old.  Thus,  spawning  of  N.  hubbsi  probably  occurs  during  late  May  and  continues 
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through  July.  Mature  ova  in  the  1952  speeimen  numbered  781.  Mature  ova  are 
orange,  and  range  in  size  from  0.7  to  0.9  mm  in  diameter  (mean  =  0.8  mm,  N 
=  10). 

From  the  size  distribution  of  speeimens  eolleeted  (Fig.  2),  it  appears  that  the 
speeies  lives  less  than  2  years  in  Illinois.  A  1-  to  2-year  life  span  is  eommon  among 
other  speeies  of  Notropis  (e.g.,  Heins  and  Clemmer  1976). 

Potential  predators  of  N.  hubbsi,  six  adult  spotted  gar  (Lepisosteus  oculatus) 
and  five  adult  bowfin  (Amia  calva),  were  preserved  and  their  stomaehs  examined. 
No  N.  hubbsi  were  found  in  the  stomaehs  of  either  speeies. 

DISCUSSION 

The  bluehead  shiner  was  reeently  assigned  the  seeond  highest  overall  priority 
for  endangered  fish  species  within  Illinois  by  the  Endangered  Species  Technical  Advi¬ 
sory  Committee  on  Fishes  (Illinois  Department  of  Conservation  1984).  Further,  the 
committee  considered  N.  hubbsi  as  the  number  one  endangered  Illinois  fish  in  regard 
to  potential  for  recovery. 

We  support  retention  of  N.  hubbsi  on  the  Illinois  endangered  species  priority 
list;  however,  the  potential  for  recovery  in  the  state  is  contingent  on  formulation 
and  expedient  activation  of  a  comprehensive  recovery  plan.  If  extant,  the  bluehead 
shiner  is  afforded  a  refugium  in  the  U.S.  Forest  Services’  LaRue-Pine  Hills  Ecologi¬ 
cal  Area  (which  includes  Otter  Pond);  however,  any  remaining  populations  in  Wolf 
Lake  continue  to  be  subject  to  elimination.  Based  on  present  collecting  data.  Wolf 
Lake  appeared  to  harbor  the  population  nucleus  and  serve  as  the  primary  nursery 
area.  Any  future  recovery  plan  should  include  investigations  of  the  feasibility  of 
purchase  by  Illinois  of  Wolf  Lake  and  appropriate  riparian  buffer  zones.  Agree¬ 
ments  between  Illinois  and  the  U.S.  Forest  Service  should  also  be  sought  to  insure 
protection  of  N.  hubbsi  in  the  future  management  of  the  Pine  Hills  Ecological  Area. 

The  current  rarity  of  N.  hubbsi  and  lack  of  recruitment  in  former  habitats  sug¬ 
gests  habitat  protection  alone  may  not  be  adequate  to  insure  recovery.  Supplemen¬ 
tal  stockings  in  the  Pine  Hills  area  of  individuals  from  the  closest  geographic 
populations  of  N.  hubbsi  (in  Arkansas)  should  be  considered.  Evidence  based  on 
an  electrophoretic  analysis  of  N.  hubbsi  in  Arkansas  (Dimmick  1984)  revealed  that 
the  genetic  variability  of  the  species  is  low.  If  the  species  is  genetically  conserva¬ 
tive,  the  consequences  of  mixing  different  geographic  stocks  may  be  negligible  when 
weighed  against  the  possible  loss  of  the  species  from  the  Illinois  ichthyofauna. 

Immediate  priorities  concerning  N.  hubbsi  include  continuation  of  surveys  for 
native  populations,  and  perhaps,  implementation  of  new  collecting  methods  such 
as  diel  sampling.  The  discovery  of  specimens  from  the  springs  in  Pine  Hills  and  Otter 
Pond  dictate  future  concentration  of  sampling  in  those  areas. 

ACKNOWLEDGMENTS 

Over  the  past  10  years,  a  number  of  people  have  aided  in  the  collection  of  data 
from  Wolf  Lake  including  the  following:  John  A.  Boyd,  Patti  A.  Burr,  Kevin  S. 
Cummings,  Lloyd  R.  Davis,  Jr.,  Walter  W.  Dimmick,  Charles  T.  Ferber,  James 
M.  Grady,  James  R.  Johnson,  Michael  A.  Klutho,  Bernard  R.  Kuhajda,  Richard 
L.  Mayden,  Larry  M.  Page,  Thomas  E.  Shepard,  Philip  W.  Smith,  and  Stephen 


133 


J.  Walsh.  Karen  Schmitt  of  the  Scientific  Photography  and  Illustration  facility  of 
SIUC  assisted  in  the  preparation  of  figures.  Personnel  of  the  Trojan  Powder  Plant 
granted  permission  to  collect  on  the  plant  property. 

This  study  was  supported  in  part  by  grants  to  B.M.  Burr  from  the  Illinois  Depart¬ 
ment  of  Conservation,  the  Missouri  Pacific  Bailroad  Company,  and  the  Interna¬ 
tional  Mineral  and  Chemicals  Company. 

LITERATURE  CITED 

Bailey,  R.M.  and  H.W.  Robison.  1978.  Notropis  hubbsi,  a  new  cyprinid  fish  from  the  Mississippi  River 
basin,  with  comments  on  Notropis  welaka.  Occ.  Pap.  Mus.  Zool.  Univ.  Mich.  683:1-21. 

Boyd,  J.A.,  B.M.  Burr,  L.M.  Page,  and  P.W.  Smith.  1975.  A  study  of  threatened  and/or  unique  fishes 
within  the  boundaries  of  the  Shawnee  National  Forest  of  southern  Illinois.  Pp.  1-29  in  Those  on  the 
brink  of  doom:  a  study  of  rare  fishes  in  the  Shawnee  National  Forest.  111.  Nat.  Hist.  Surv.  and  U.S.D.  A. 
Forest  Serv.  Coop.  Proj. 

Burr,  B.M.  1977.  The  bantam  sunfish,  Lepomis  symmetricus:  systematics  and  distribution  and  life  his¬ 
tory  in  Wolf  Lake,  Illinois.  111.  Nat.  Hist.  Surv.  Bull.  31:437-466. 

Dimmick,  W.  W.  1984.  A  biochemical  analysis  of  the  phylogenetic  position  of  Notropis  hubbsi,  N.  welaka, 
and  N.  emiliae.  Unpubl.  M.S.  Thesis,  Louisiana  State  University,  Baton  Rouge.  42  pp. 

Heins,  D.C.  and  G.H.  Clemmer.  1976.  The  reproductive  biology,  age  and  growth  of  the  North  American 
cyprinid,  Notropis  longirostris  (Hay).  J.  Fish  Biol.  8:365-379. 

Illinois  Department  of  Conservation.  1984.  Communication  from  the  Endangered  Species  Program, 
6  March. 

Leviton,  A.E.,  R.H.  Cibbs,  Jr.,  E.  Heal,  and  C.E.  Dawson.  1985.  Standards  in  herpetology  and  ichthyol¬ 
ogy:  part  1.  Standard  symbolic  code  for  institutional  resource  collections  in  herpetology  and  ichthyology. 
Copeia  1985:802-832. 

Miller,  R.J.  1984.  The  occurrence  of  Notropis  hubbsi  in  Oklahoma.  Proc.  Okla.  Acad.  Sci.  64:45. 
Smith,  P.W.  1979.  The  fishes  of  Illinois.  University  of  Illinois  Press,  Urbana.  314  pp. 

Weise,  J.G.  1953.  The  life  cycle  and  ecology  of  Gammarus  troglophilus  Hubricht  and  Mackin.  Unpubl. 

M.S.  Thesis,  Southern  Illinois  University  at  Carbondale.  52  pp. 

Weise,  J.G.  1957.  The  spring  cavefish,  Chologaster  papilliferus,  in  Illinois.  Ecology  38:195-204. 


134 


Table  1.  Summary  of  life-history  information  on  Wolf  Lake-Pine  Hills  Notropis 
hubbsi. 


Characteristics 

Life-history  Data 

Principal  habitat 

Probably  heavily  vegetated 
margins  of  lake  in  water  1.8  m 
or  less  in  depth 

Age  at  reaching  sexual  maturity 

Size  at  reaching  sexual  maturity 

1  year 

Females  about  47  mm  SL; 
males  unknown 

Sexual  dimorphism 

Adult  males  have  breeding 
tubercles  irregularly  disposed  on 
the  head,  edges  of  the  body 
scales  and  fin  rays;  males  and 
females  have  azure  blue  heads, 
a  reddish-orange  stripe  on  the 
body  and  reddish  fins  (Bailey 
and  Robison  1978) 

Number  of  mature  ova  in  a  preserved  female 
Description  of  ovum 

781 

About  0.8  mm  in  diameter, 
orange  in  color 

Spawning  period 

Longevity 

Maximum  size 

May-July 

1  -H  years 

54  mm  SL 
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Fig.  1  The  distribution  of  Notropis  hiibbsi  by  record  stations  (arrows)  in  Wolf  Lake  and  Otter  Pond, 
Union  Co.,  Illinois. 
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ABSTRACT 

Four  species  of  amphibians  (Atelopus  ignescens  (Cornalia  1849),  Rana  palmipes 
Spix  1824,  Leptodactylus  wagneri  Peters  1862,  and  Phyllomedma  tarsius  Cope  1868) 
from  various  localities  in  Ecuador  were  each  found  to  be  infected  with  one  or  more 
of  the  following  helminths:  Gorgoderina  cryptorchis  Travassos  1924  (Trematoda: 
Gorgoderidae),  new  host  record  in  A.  ignescens;  Loxogenes  macrocirra  (Caballero 
and  Bravo  Hollis  1949)  Yamaguti  1958  (Trematoda:  Lecithodendriidae),  second 
report  in  R.  palmipes;  Polystoma  sp.  (Trematoda:  Polystomatidae),  new  host  record 
in  L.  wagneri  and  P.  tarsius;  and  Neohaematolochus  iturbei  (Cordero  and  Vogelsang 
1939)  Odening  1960  (Trematoda:  Haematoloechidae).  All  helminths  except  L. 
macrocirra  are  reported  for  the  first  time  in  Ecuador. 

INTRODUCTION 

According  to  Gomes  and  Rodriguez  (1981)  approximately  50  trematode  species 
have  been  recorded  from  amphibians  of  South  America.  All  are  parasitic  on  anu- 
rans  (Pipidae,  Bufonidae,  Leptodactylidae,  Hylidae,  and  Ranidae).  Twenty-nine 
species  are  recorded  from  Brazil,  6  from  Paraguay,  1  from  Peru,  5  from  Colombia, 
13  from  Venezuela,  3  from  Argentina,  12  from  Uruguay,  and  5  from  Panama.  A 
search  of  the  literature  reveals  few  references  to  the  helminths  of  amphibians  from 
Ecuador.  Dyer  and  Altig  (1976)  redescribed  Cosmocerca  hrasiliensis  Travassos  1925 
(Nematoda:  Cosmocercidae)  on  the  basis  of  specimens  found  in  the  large  intestine 
of  Dendrobates  parvulus  Boulenger  1882,  Eleutherodactylus  lanthinites  Lynch  1975, 
Hamptophryne  bolivianus  (Parker  1927),  Hyla  boans  (Linnaeus  1758),  Hyla 
geographica  Spix  1824,  Hyla  lanciformis  (Cope  1870),  Hyla  leucophyllata  Beireis 
1783,  Hyla  marmorata  (Laurenti  1768),  Hyla  sarayacuensis  Shreve  1935,  Isch- 
nocnema  quixensis  (Jimenez  de  la  Espada  1872)  and  Phyllomedusa  tarsius  (Cope 
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1868)  from  Ecuador.  The  following  year,  Dyer  and  Altig  (1977a)  reported  new  host 
and  locality  records  for  several  helminths  of  anurans  taken  in  Ecuador,  namely, 
Loxogenes  rnacrocirra  (Caballero  and  Bravo  Hollis  1949)  Yamaguti  1958 
(Trematoda:  Lecithodendriidae)  from  Rana  palmipes  Spix  1824,  Ochoterenella 
digiticauda  Cabellero  1944  (Nematoda:  Filariidae)  from  Hyla  lanciformis,  Oswal- 
docruzia  mazzai  Travassos  1935  (Nematoda:  Trichostrongylidae)  from  Bufo  typhonim 
(Linnaeus  1785),  Eleutherodactylus  altamazonicus  Barbour  and  Dunn  1971,  Lep- 
todactylus  mystaceus  (Spix  1824)  and  Leptodactylus  pentadactylus  (Laurenti  1768) 
and  Cosmocerca  hrasiliensis  from  Rana  palmipes.  Later  the  same  year.  Dyer  and 
Altig  (1977b)  described  Ophiotaenia  olseni  (Cestoda:  Proteocephalidae)  from  a  single 
adult  female  Hyla  geographica  from  Ecuador.  That  this  was  the  only  individual 
infected  with  tapeworms  in  the  16  species  of  frogs  examined  was  not  considered 
unusual,  as  extensive  surveys  of  amphibian  helminths  usually  reflect  few  cestodes. 

The  following  is  an  account  of  several  trematodes  from  frogs  collected  during 
the  course  of  a  study  conducted  by  Dr.  William  E.  Duellman,  Museum  of  Natural 
History,  University  of  Kansas,  on  amphibians  and  reptiles  of  Ecuador.  Included 
are  several  new  host  records  and  range  extensions. 

MATERIALS  AND  METHODS 

Helminths  were  recovered  in  situ  by  autopsy  from  the  frogs  shortly  after  cap¬ 
ture.  Flukes  were  fixed  in  AFA,  stained  with  either  alcoholic  borax  carmine  or  Harris’ 
hematoxylin,  dehydrated,  cleared  in  beechwood  creosote  and  mounted  in  Canada 
balsam.  Notations  for  deposited  specimens  are:  USNM  Helm.  Coll,  for  United  States 
National  Museum  Helminthological  Collection,  USDA,  Beltsville,  Maryland  and 
MNHUK  for  Museum  of  Natural  History,  University  of  Kansas,  Lawrence,  Kansas. 


RESULTS  AND  DISCUSSION 

Seven  species  of  anurans  were  found  infected  with  intestinal  parasites.  These 
included  Atelopns  ignescens  (Cornalia  1849),  Rana  palmipes,  Leptodactylus  wagneri 
Peters  1862,  and  Phyllomedusa  tarsius  Cope  1868. 

Loxogenes  rnacrocirra  (Caballero  and  Bravo  Hollis  1949)  Yamaguti  1958 
(Trematoda:  Lecithodendriidae).  —  Langeronia  was  proposed  by  Caballero  and 
Bravo  Hollis  (1949)  with  L.  rnacrocirra  from  Rana  pipiens  Schreber  1782  as  the 
type.  Yamaguti  (1958)  synonymized  this  genus  with  Loxogenes  and  Ubelaker  (1965) 
considered  Langeronia  provitellaria,  described  by  Sacks  (1952)  from  Rana 
sphenocephala  Cope  1886  in  Florida,  to  be  nonspecific  with  Loxogenes  rnacrocirra. 

Observations  were  based  on  40  of  55  specimens  from  two  Rana  palmipes.  Marked 
variability  in  the  position  of  the  genital  pore  and  in  the  extent  of  the  vitellaria  as 
reported  by  Ubelaker  (1965)  was  also  noted  in  my  specimens.  My  material  agrees 
with  the  description  of  L.  rnacrocirra  as  given  by  Ubelaker  and  I  concur  that 
L.  provitellaria  and  L.  rnacrocirra  are  synonymous. 

In  addition  to  the  host  and  localities  mentioned  above,  L,  rnacrocirra  has  also 
been  reported  from  Bufo  marinus  (Linnaeus  1758)  and  Rana  warschewitschii 
(Schmidt  1857)  in  Costa  Rica  (Brenes  et  al.,  1960)  and  B.  marinus  in  Nicaragua 
(Ubelaker  1965).  This  represents  the  second  report  of  this  parasite  in  R.  palmipes 
from  Ecuador  (Dyer  and  Altig,  1977a). 
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Representative  specimens  are  deposited  in  USNM  Helm.  Coll.,  Nos.  78715  and 
78716.  Host  specimens  are  deposited  in  MNHUK,  No.  124017,  locality  —  340m 
Santa  Cecilia,  Napo  Province,  and  No.  124020,  locality  —  420m  Puerto  Ore,  Napo 
Province,  Ecuador. 

Gorgoderina  cryptorchis  Travassos  1924  (Trematoda:  Corgoderidae) .  —  Of  the 
34  species  of  Gorgoderina  of  amphibians  listed  in  the  literature,  9  occur  in  South 
America.  A  single  specimen  of  Gorgoderina  cryptorchis  was  collected  from  the  uri¬ 
nary  bladder  of  Atelopus  ignescens.  This  specimen  agrees  with  the  original  descrip¬ 
tion  of  G.  cryptorchis.  Travassos  (1924)  reported  G.  cryptorchis  from  Bufo  crucifer 
Wied  1821  and  Leptodactylus  ocellatus  (Linnaeus  1758)  Wied  1821  in  Brazil.  It 
has  since  been  reported  from  anurans  in  Paraguay  (Fernandes  1958).  Atelopus 
ignescens  is  a  new  host  record  and  Ecuador  a  new  locality  record. 

Specimens  deposited  in  USNM  Helm.  Coll.,  No.  78717.  Host  specimen  deposited 
in  MNHUK,  No.  122303,  locality  —  3890  m  N.  Base  of  Volcan,  Cotopaxi,  Laguna 
de  Limpios,  Pichincha  Province,  Ecuador. 

Neohaematoloechus  iturbei  (Cordero  and  Vogelsang  1939)  Odening  1960 
(Trematoda:  Haematoloechidae).  —  To  my  knowledge,  only  two  species  of  Neo¬ 
haematoloechus  have  been  reported  in  amphibians  all  of  which  have  been  from  South 
America.  Two  specimens  of  Neohaematoloechus  were  found  in  the  lungs  of  a  single 
Rana  palmipes.  These  agree  with  the  description  of  N.  iturbei  from  the  lungs  of 
R.  palmipes  from  Maracay,  Estado  Aragua,  Venezuela  as  given  by  Cordero  and 
Vogelsang  (1939).  It  has  since  been  reported  in  R.  palmipes  from  Brazil  and  Colom¬ 
bia.  Ecuador  consitutes  a  new  locality  record. 

Specimens  deposited  in  USNM  Helm.  Coll.,  No.  78718.  Host  specimen  deposited 
in  MNHUK,  No.  124020,  locality  —  420m  Puerto  Ore,  Napo  Province,  Ecuador. 

Polystoma  sp.  (Trematoda:  Polystomatidae).  —  Few  monogentic  flukes  of  the 
family  Polystomatidae  have  been  reported  from  South  American  amphibians. 
Combes  and  Laurent  (1974)  described  Poly  stoma  borellii  from  Pleurodema  borellii 
(Peracca  1895)  collected  near  Tucuman,  Argentina.  Subsequently,  the  same  authors 
(1978)  described  Polystoma  praecox  from  Telmatobius  oxycephalus  Vellard  1946 
and  P.  andinum  from  Melanophryniscus  rubriventris  rubriventris  (Vellard  1947) 
in  Alto  Calilegua,  Jujuy  Province,  Argentina.  Kohn  et  al.  (1978)  considered  represen¬ 
tatives  of  Polystoma  from  Trachycephalus  nigromaculatus  Tschudi  1838,  Hyla 
mesophaea  Hensel  1867  and  Leptodactylus  pentadactylus  in  Brazil  as  being  related 
to  the  ‘nearticum"  group.  Combes  and  Laurent  (1979)  described  Polystoma  guevarai 
from  Hyla  pulchella  Dumeril  and  Bibron  1841  in  Tucuman,  Sierra  Medina  and 
P.  lopezromani  from  Phrynohyas  venulosa  (Laurenti  1768)  in  Salta  Province, 
Argentina. 

In  a  monumental  study  of  North  American  Polystomatidae,  Stunkard  (1917) 
noted  that  with  the  exception  of  Polystoma  integerrimum  Froelich  1791  members 
of  the  genus  Polystoma  are  very  rarely  found  and  the  number  of  individuals  very 
small.  Likewise,  in  her  study  of  monogenetic  trematodes  of  amphibians  in  southern 
Rhodesia  Beverley-Burton  (1962)  found  the  amphibians  to  be  remarkable  for  their 
lack  of  monogenea.  Because  of  the  limited  amount  of  material  in  the  present  study, 
specific  diagnosis  could  not  be  ascertained. 

One  specimen  of  Polystoma  was  detected  in  the  urinary  bladder  of  Leptodac¬ 
tylus  wagneri. 
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Specimen  deposited  in  USNM,  Helm.  Coll.,  No.  78719.  Host  specimen  deposited 
in  MNHUK,  No.  122583,  locality  —  340m  Santa  Cecilia,  Napo  Province,  Ecuador. 

One  specimen  of  Polystoma  was  found  in  the  urinary  bladder  of  Phyllomedusa 
tarsius. 

Specimen  deposited  in  USNM,  Helm.  Coll.,  No.  78720.  Host  specimen  deposited 
in  MNHUK,  No.  124145,  locality  —  340m  Santa  Cecilia,  Napo  Province,  Ecuador. 

This  is  the  first  report  of  Polystoma  in  L.  wagneri  and  P.  tarsius  and  the  first 
report  of  this  genus  from  Ecuador. 

This  report  brings  to  four  the  number  of  trematodes  known  from  Ecuadorian 
amphibians.  While  our  knowledge  of  amphibian  trematodes  of  Ecuador  is  indeed 
appalling  it  appears  that  they  have  North,  Central  and  South  America  affinities. 
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ABSTRACT 

Six  species  of  digenetic  flukes  are  reported  from  marine  fishes  of  the  coastal 
waters  of  southwestern  and  northwestern  Puerto  Rico.  Stephanostomum  micro- 
stephanum  occurred  in  Epinephelus  afer  from  Isla  Magueyes,  La  Paguera,  consti¬ 
tuting  a  new  host  and  locality  record.  Opecoeloides  hrachyteleus  in  Caranx  ruber 
and  Lecithochirium  microcercus  in  Selar  crumenophthalmus  from  Crashboat  Pier, 
Aguadella  also  constitute  new  host  records.  Other  flukes  found  in  marine  fishes  off 
Crashboat  Pier,  Aguadella  include  Tergestia  laticollis  in  Decapterus  macarellus, 
Parahemiurus  merus  in  Harengula  humeralis  and  Lecithochirium  parvum  in 
Lutjanus  buccanella. 


INTRODUCTION 

Major  contributions  to  knowledge  of  the  digenetic  flukes  of  marine  fishes  of 
Puerto  Rico  stem  from  the  early  studies  of  Cable  (1954a,  b,  1956  a,  b),  Le  Zotte 
(1954),  Siddiqi  and  Cable  (1960),  and  the  more  recent  comprehensive  report  by 
Dyer  et  al.  (1985). 

Since  the  latter  report,  additional  data  were  obtained  from  examining  several 
species  of  marine  fishes  from  coastal  waters  of  southwestern  and  northwestern  Puerto 
Rico.  Scientific  names  used  in  this  report  are  the  names  of  fishes  recognized  by  the 
American  Fisheries  Society  (Robins  et  al.,  1980). 
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MATERIALS  AND  METHODS 

All  fishes  were  collected  during  January  and  February,  1984  by  means  of  spear¬ 
fishing.  They  were  then  placed  in  plastic  bags  containing  seawater  and  held  in  styro¬ 
foam  containers  for  transport  to  the  laboratory  where  they  were  refrigerated  and 
usually  necropsied  immediately. 

Flukes  were  washed  in  0.7  %  saline,  flattened  with  minimal  coverslip  pressure, 
fixed  with  warm  AFA,  and  stored  in  70%  ethanol.  Specimens  were  stained  with 
either  Harris’  hematoxylin  or  Grenacher’s  alcoholic  borax  carmine  and  prepared  as 
whole  mounts  in  Canada  balsam. 

RESULTS  AND  DISCUSSION 

A  single  specimen  of  Stephanostomum  microstephanum  Manter  1934  was  found 
in  the  intestine  of  1  of  3  Epinephelus  ajer  (Bloch)  from  Isla  Magueyes,  La  Paguera. 
This  fluke  was  described  by  Manter  (1934)  from  the  intestine  of  Epinephelus  niveatus 
(Cuvier  and  Valenciennes)  taken  in  Tortugas,  Florida.  In  a  subsequent  study,  Manter 
(1947)  reported  this  parasite  from  the  same  host  and  locality.  The  finding  of  S.  micro¬ 
stephanum  in  E.  afer  off  La  Parguera  constitutes  a  new  host  and  locality  record. 

One  specimen  of  Opecoeloides  brachyteleus  Manter  1947  was  found  in  the  intes¬ 
tine  of  Caranx  ruber  (Bloch)  from  Crashboat  Pier,  Aguadilla.  Siddiqi  and  Cable 
(1960)  reported  this  fluke  in  Mulloidichthys  martinicus  (Cuvier)  from  Puerto  Real, 
Puerto  Rico.  Caranx  ruber  constitutes  a  new  host  record. 

Two  specimens  of  Lecithochirium  microcercus  (Manter,  1947)  were  found  in  the 
intestine  of  a  single  Selar  crumenophthalmus  (Bloch)  from  Crashboat  Pier,  Aguadilla. 
This  fluke  has  been  reported  from  several  species  of  fishes  in  Puerto  Rico  by  Dyer 
et  al.  (1985)  including  Caranx  lugubris  Poey  from  Cabinero  Point,  Mona  Island, 
Flammeo  marianus  (Cuvier  and  Valenciennes)  from  Isla  Magueyes,  Priacanthus 
cruentatus  (Lacapede)  from  Laurel  reef.  La  Parguera,  Micropogonias  furniceri 
(Demarest)  from  Bahia  de  Guanica  and  Scorpaena  plumieri  (Bloch)  from  La  Par¬ 
guera.  Selar  crumenophthalmus  constitutes  a  new  host  record. 

A  single  specimen  of  Tergestia  laticollis  (Rudolphi  1819)  was  found  in  the  intes¬ 
tine  of  Decapterus  macarellus  (Cuvier)  from  Crashboat  Pier,  Aguadilla.  This  fluke 
has  been  reported  from  the  same  host  and  locality  and  also  in  Clepticus  parrai  (Bloch 
and  Schneider)  from  Turrumote  reef.  La  Parguera  by  Dyer  et  al.  (1985). 

Two  specimens  of  Parahemiurus  merus  (Linton  1910)  were  found  in  a  single 
Harengula  humeralis  (Cuvier)  off  Crashboat  Pier,  Aguadilla.  It  has  previously  been 
reported  from  the  same  host  and  locality  and  also  in  Saurida  normani  Longley  from 
La  Parguera  by  Dyer  et  al.  (1985). 

Two  specimens  of  Lecithochirium  parvum  Manter  1947  were  detected  in  a  single 
Lutjanus  buccanella  (Cuvier)  off  Crashboat  Pier,  Aguadilla.  This  fluke  parasitizes 
several  species  of  fishes.  It  has  been  reported  from  the  same  host  and  locality  by 
Dyer  et  al.  (1985)  in  addition  to  Scorpaena  plumieri,  Priacanthus  cruentatus  and 
Chaetodon  ocellatus  Bloch  from  La  Parguera  and  Antennarius  scaber  (Cuvier)  from 
the  mouth  of  the  Anasco  River,  Mayagiiez  Bay. 
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ABSTRACT 

A  method  is  deseribed  for  the  obtaining  and  rearing  of  neonatal  eottontail  rabbits 
under  laboratory  eonditions.  Known-age  neonatal  rabbits  were  obtained  by  captur¬ 
ing  wild,  pregnant  rabbits  during  the  early  part  of  the  breeding  season  and  holding 
them  in  an  environmentally  controlled  animal  room  until  parturition  occurred. 
Forced-maternal-feeding  utilizing  oxytocin  was  used  for  rearing  the  rabbits  during 
the  pre- weaning  period.  A  specific  laboratory  care  strategy  for  the  weaning  and  post- 
weaning  periods  is  also  described.  Growth  rates  obtained  with  this  procedure 
compared  favorably  with  those  of  known-age  wild  litters.  This  technique  made  pos¬ 
sible  the  study  of  early  physiological  development  in  the  cottontail  and,  with  modifi¬ 
cations,  may  be  useful  for  bringing  other  wild  mammals  into  captivity. 

INTRODUCTION 

This  paper  describes  a  procedure  for  obtaining  and  rearing  known-age,  neonatal 
cottontail  rabbits  (Sylvilagus  floridanus)  under  laboratory  conditions.  The  method 
is  an  outgrowth  of  a  study  concerned  with  the  development  of  thermoregulation  in 
this  species  (Gates,  1974). 

MATERIALS  AND  METHODS 

Method  of  Obtaining  Neonates 

Newborn  cottontails  were  obtained  by  holding  pregnant  rabbits  in  the  laboratory 
for  the  latter  part  of  the  gestation  period.  The  pregnant  females  were  obtained  by 
live-trapping  during  the  early  spring,  and  were  then  housed  in  an  animal  room, 
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which  provided  a  relatively  quiet  environment  with  constant  temperature  (28  C), 
and  a  14  hr  photoperiod  (0600-2000  light).  Each  animal  was  placed  in  a  stainless 
steel  rabbit  cage,  with  a  cardboard  nest  box  occupying  the  back  half  of  the  cage. 
Entry  into  the  box  was  via  a  large  frontal  opening.  The  animals  were  given  water 
and  commercial  rabbit  ration  ad  libitum.  The  time  of  parturition  was  determined 
by  inspecting  the  cages  for  litters  twice  daily,  morning  and  evening. 

Method  of  Feeding  Young  During  Pre- weaning  Period 

A  procedure  referred  to  as  forced-maternal-feeding  was  used  during  the  pre¬ 
weaning  period  (days  0-7).  Just  prior  to  each  feeding  session,  does  were  administered 
two  lU  of  oxytocin  to  ensure  that  milk  release  would  not  be  stress  inhibited.  The  litter 
and  doe  were  then  placed  in  a  shallow  burlap-lined  box  with  the  doe  physically 
held  down  on  its  side.  Litters  would  immediately  begin  to  suckle  and  within  a  short 
time  would  gorge  themselves  with  milk.  The  young  were  fed  twice  daily,  morning 
and  evening,  and  were  always  permitted  to  suckle  until  satiated.  After  feeding,  the 
litters  were  kept  in  small  boxes  (16  x  12  x  10  cm)  lined  with  cloth  and  filled  with 
fur  pulled  from  the  carcass  of  an  adult.  These  boxes  were  placed  in  cages  separate 
from  the  does. 

Method  of  Feeding  Young  During  Weaning  Period 

The  basic  approach  to  feeding  during  the  weaning  period  (days  8-16)  was  that 
described  by  Lord  (1959);  that  is,  constant  availability  of  greens  with  eventual  term¬ 
ination  of  milk  intake.  The  choice  of  plants  was  in  accordance  with  the  findings 
of  Bailey  and  Siglin  (1966),  and  Bailey  (1969).  From  days  8-12  the  plants  were 
uprooted  with  soil  to  prevent  rapid  wilting,  since  prior  to  this  time  the  young  were 
only  occasionally  interested  in  eating  plants  and  apparently  only  if  the  vegetation 
was  fresh.  From  day  13  onward,  the  plants  were  merely  cut  at  their  bases.  To  avoid 
the  potential  for  enteritis  during  this  transitional  feeding  period,  litter  mates  were 
treated  with  one  drop  (3  mg)  of  Panmycin  tetracycline  oral  antibiotic  (Upjohn  Co., 
Kalamazoo,  Mich.)  at  each  feeding.  Milk  intake  was  terminated  on  day  16. 

On  occasion,  young  were  observed  feeding  on  the  mother’s  fecal  pellets.  These 
pellets  were  made  available  to  the  young  for  whatever  value  they  might  have  had. 
During  the  weaning  period  the  litters  were  still  caged  separate  from  the  doe,  and 
were  placed  in  cardboard  boxes  equipped  with  a  rough  non-slip  bottom  surface. 

Method  of  Feeding  Young  During  Post- weaning  Period 

The  approach  to  feeding  during  the  post-weaning  period  (days  17  and  beyond) 
was  the  same  as  that  described  by  Lord  (1959);  that  is,  constant  availability  of  com¬ 
mercial  rabbit  ration  with  eventual  termination  of  greens. 

RESULTS  AND  DISCUSSION 

An  important  consideration  in  the  thermoregulation  study  was  that  a  normal 
growth  pattern  be  exhibited  in  reared  young.  A  guideline  as  to  what  is  normal  growth 
in  nestling  cottontails  is  provided  by  Beule  and  Studholme  (1942).  These  authors 
developed  a  “working  scale”  for  the  age  determination  of  rabbits  aged  0-16  days. 
This  scale  was  based  on  a  series  of  tarsal  length  measurements  taken  from  19  wild 
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cottontail  litters,  and  is  shown  in  Fig.  1  for  the  first  ten  days  of  life.  Against  this 
normal  curve  is  plotted  the  curve  of  best  fit  for  the  growth  of  forced-maternally-fed 
litters.  In  comparing  the  two  curves,  it  was  apparent  that  normal  growth  was 
obtained  using  the  described  method  of  rearing. 

Nine  force-maternally-reared  young  measured  for  tarsal  length  on  day  15  showed 
a  mean  value  of  49.7  mm.  This  value  compared  favorably  with  Beule  and  Studholmes’ 
value  of  49  mm.  Two  force-maternally- reared  young  were  held  in  captivity  until  day 
30.  Using  the  age  determination  data  of  Petrides  (1951),  these  rabbits  were  judged 
to  be  about  equal  in  growth  to  that  of  wild  rabbits  at  six  weeks  of  age.  Aside  from 
the  possibility  of  individual  variation,  a  number  of  explanations  can  be  given  to 
account  for  the  above  normal  growth.  The  thermal  stress  imposed  by  laboratory 
conditions  is  less  severe  than  that  encountered  in  the  wild.  The  animals  were  caged 
and  therefore  less  active.  The  young  had  access  to  unlimited  amounts  of  food  during 
the  weaning  and  post- weaning  periods.  Such  factors  as  these  might  allow  a  captive 
animal  to  divert  more  of  its  energy  toward  growth. 

Initially,  two  other  approaches  to  pre- weaning  period  feeding  were  explored: 
tube-feeding  and  maternal-feeding.  However,  both  of  these  methods  were  found 
to  have  major  disadvantages.  Tube-feeding  was  time  consuming,  it  relied  on  the 
use  of  an  artificial  milk  formula,  it  occasionally  resulted  in  fatal  punctures  of  the  GI 
tract,  and  it  yielded  a  growth  rate  only  three-fourths  that  known  for  wild  rabbits. 
Maternal-feeding  provided  a  natural  diet  and  a  normal  growth  pattern,  but  was 
found  to  be  an  unreliable  method  due  to  the  uncertainties  of  maternal  care.  On 
the  other  hand,  forced-maternal-feeding  provided  natural  milk,  normal  growth  and 
consistent  feeding  and  production  of  young  rabbits. 

The  procedure  made  possible  the  study  of  thermoregulation  development  in  the 
eastern  cottontail  rabbit.  It  is  speculated  that  with  some  modification  this  procedure 
may  be  of  utility  for  bringing  other  mammalian  species  into  the  laboratory  for  study, 
particularly  other  Leporids.  The  concept  of  forced-maternal-feeding  may  also  have 
significance  for  zoological  garden  species  where  maternal  care  is  a  problem. 

SUMMARY 

A  method  has  been  described  for  the  obtaining  and  rearing  of  newborn  cottontail 
rabbits.  Pregnant  females  were  captured  by  live- trapping  and  held  in  the  laboratory 
for  the  latter  part  of  the  gestation  period.  To  ensure  consistent  maternal  care  and 
milk  release  during  the  pre- weaning  period,  litters  were  force-maternally-fed  twice 
daily  using  oxytocin.  During  the  weaning  period  greens  were  kept  constantly 
available  with  milk  being  eventually  terminated.  Oral  anitbiotic  was  given  to  avoid 
the  potential  for  enteritis.  Post- weaning  period  feeding  consisted  of  constant  avail¬ 
ability  of  commercial  rabbit  ration  with  the  eventual  termination  of  greens.  The 
growth  pattern  of  rabbits  reared  by  this  method  compared  favorably  with  data  avail¬ 
able  for  wild  rabbits.  This  approach  was  successful  in  bringing  the  eastern  cotton¬ 
tail  rabbit  into  the  laboratory  for  ontogenetical  study,  and  it  is  conjectured  that  with 
some  modification,  this  strategy  may  have  implications  for  other  mammalian  species. 
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ABSTRACT 

Litter  samples  were  obtained  from  an  Illinois  ring-necked  pheasant  propagation 
farm  to  determine  (1)  the  species  of  coccidian  parasites  present  in  the  birds  and  (2) 
the  coccidiocidal  or  coccidiostatic  action  of  sulfaquinoxaline,  amprolium  and 
furazolidone  against  these  parasites.  Four  coccidial  species  were  found:  Eimeria 
duodenalis  represented  57.5%  of  the  oocysts  recovered,  E.  tetartooirnia  represented 
24.9%  ,  while  E.  phasiani  and  E.  pacifica  showed  about  equal  numbers  of  oocysts 
totalling  17.6% . 

All  three  drugs  were  effective  in  reducing  oocyst  production  compared  to  non- 
medicated  controls.  Furazolidone  showed  no  coccidiostatic  effect  against  any  of  the 
coccidial  species  and  its  coccidiocidal  action  was  not  sufficient  to  prevent  mortality 
(42.8%  vs.  71.4%  for  non-medicated  group).  Amprolium  prevented  mortality  but 
was  relatively  ineffective  against  E.  tetartooirnia  and  E.  duodenalis  and  was  partially 
coccidiostatic  against  E.  phasiani  and  E.  pacifica.  Sulfaquinoxaline  was  the  most 
effective  drug  in  controlling  the  coccidial  parasites.  It  had  complete  coccidiostatic 
activity  against  all  four  coccidial  species  and  a  slightly  stronger  coccidiocidal  action 
against  E.  duodenalis  and  E.  tetartooirnia  than  E.  phasiani  and  E.  pacifica. 

INTRODUCTION 

Game  farms  produce  millions  of  ring-necked  pheasants  annually  for  food  and 
hunting.  The  management  practices  of  these  game  farms  are  often  similar  to  those 
used  in  the  poultry  industry.  Coccidiosis  and  other  parasitic  diseases  which  are 
familiar  to  the  poultryman  frequently  occur  and  cause  weight  loss,  poor  feed  con¬ 
version  and  mortality  in  pheasant  flocks  as  well  as  in  poultry. 
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Eight  coccidial  species  have  been  described  from  pheasants  (Todd  and  Hammond, 
1971;  Tyzzer,  1929;  Wacha,  1973).  Two  species,  Eimeria  langerani  (Yakimoff  and 
Matschoulsky,  1937)  and  E.  colchici  (Norton,  1967a)  were  reported  from  Europe. 
Eimeria  phasiani  (Tyzzer,  1929)  and  E.  duodenalis  (Norton,  1967b)  have  been 
reported  in  Europe  and  the  U.S.  (Fisher  and  Wacha,  1976;  Haase,  1939;  Ormsbee, 
1939;  Trigg,  1967a;  Wacha,  1973)  and  four  species  were  reported  only  in  the  U.S.; 
E.  megalostornata  (Ormsbee,  1939),  E.  pacifica  (Ormsbee,  1939),  E.  dispersa  (Tyz¬ 
zer,  1929)  and  E.  tetartooimia  (Wacha,  1973;  Fisher  and  Wacha,  1976). 

Anticoccidial  drugs  are  routinely  and  continuously  adminstered  in  the  feed  or 
drinking  water  of  poultry  to  control  coccidiosis.  Extensive  use  of  these  drugs  has 
led  to  the  emergence  of  drug  resistant  strains  and  the  need  for  continual  development 
of  new,  effective  drugs.  Trigg  (1967b)  and  Norton  (1967a;  1967b)  have  tested  the 
efficacy  of  several  drugs  against  pheasant  coccidia  commonly  found  in  Great  Britain. 
However,  none  of  the  pheasant  coccidial  species  occuring  in  the  U.S.  have  been 
examined  for  drug  sensitivity. 

Furazolidone,  sulfaquinoxaline  and  amprolium  are  widely  used  drugs  introduced 
in  the  1950’s  and  1960’s  to  control  poultry  coccidiosis.  Because  of  their  extended 
and  wide  spread  use,  drug  resistant  strains  of  poultry  coccidia  are  prevalent.  As 
a  result,  furazolidone  and  sulfaquinoxaline  which  are  still  used  as  poultry  feed  addi¬ 
tives  have  had  their  value  limited  primarily  to  anti-bacterial  applications.  Amprolium, 
the  only  drug  approved  by  the  Food  and  Drug  Administration  as  a  prophylactic 
measure  against  coccidiosis  in  pheasants,  is  also  becoming  obsolete  (McDougald, 
1982).  Since  these  drugs  are  routinely  added  to  commercial  poultry  feeds  in  the  U.S. 
and  these  rations  are  often  fed  to  pheasants,  especially  among  small  producers,  the 
knowledge  of  their  efficacy  on  U.S.  strains  of  pheasant  coccidia  is  important. 

This  study  was  designed  for  two  purposes.  The  first  objective  was  to  isolate  and 
identify  the  coccidial  parasites  infecting  ring-necked  pheasants  at  a  state  game  farm 
in  Illinois.  The  second  objective  was  to  determine  the  coccidiostatic  and  coccidiocidal 
effect  of  2-sulfanilamidoquinoxaline  (sulfaquinoxaline),  l-(4-amino-2-N- 
propyl-5-pyrimidinyl  methyl)-2-picolinium  chloride  hydrochloride  (amprolium)  and 
3-[(5-nitrofurfurylidene)amino]-2-oxazolidinone  (furazolidone)  on  the  coccidial  spe¬ 
cies  found  at  the  game  farm. 

MATERIALS  AND  METHODS 

Collection  and  Identification  of  Parasites 

Litter  samples  were  taken  from  floor  pens  housing  birds  3-4  weeks  old  at  the 
Glen  Palmer  State  Game  Farm  at  Yorkville,  Illinois.  The  birds  were  fed  non- 
medicated  feed  and  water  ad  libitum.  The  samples  were  mixed  with  2.5%  (w/v) 
aqueous  K,Cr,0-  and  allowed  to  soak  for  0.5h.,  before  being  filtered  through  No. 
20,  40,  and  60  mesh  brass  sieves.  The  solution  was  placed  in  a  flask  and  air  was 
pumped  through  it  for  seven  days. 

To  determine  the  concentration  of  the  various  species  of  coccidia  in  the 
K^Cr^O-  solution,  1  ml  of  the  solution  was  mixed  with  9  ml  of  saturated  sugar  solu¬ 
tion.  The  K,Cr,0_-sugar  solution  was  mixed  for  one  minute  in  a  vortex  mixer  and 
a  portion  of  the  solution  was  used  to  fill  a  McMaster’s  counting  chamber.  After  wait¬ 
ing  15  minutes  to  allow  the  oocysts  to  come  to  the  top  of  the  chamber,  the  oocysts 
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were  identified  and  counted  with  a  differential  counter.  Absolute  numbers  of  the 
various  coccidial  species  per  1  ml  of  actual  oocyst-K2Cr20.  solution  were 
calculated. 

All  oocysts  measurements  were  made  with  a  calibrated  ocular  micrometer  on 
a  phase  contrast  microscope  equipped  with  an  achromatic  oil  immersion  objective. 

Preparation  of  Inoculum 

The  filtered  K2Cr20^  solution  containing  sporulated  oocysts  from  litter  samples 
was  centrifuged  (450g  for  10  min)  to  remove  the  K2Cr20_  and  diluted  with  distilled 
water  to  obtain  50,000  oocysts/ml.  One  milliliter  was  inoculated  per  os  into  10  three 
wk  old,  parasite-free  pheasants  to  produce  a  sufficient  inoculum  for  use  in  drug 
efficacy  studies. 

The  birds  were  given  non-medicated  Illinois  pheasant-quail  starter  ration 
(Ralston  Purina  Co.,  St.  Louis,  Mo.)  and  water  ad  libitum  and  placed  in  clean, 
sanitized  suspended  cages  (60  cm  x  60  cm  x  85  cm) .  The  feces  were  collected  daily 
in  drop  pans  containing  2.5%  (w/v)  K2Cr20^  from  Day  5  to  Day  8  post-inoculation 
(PI) .  The  solutions  were  filtered  and  aerated  for  seven  days  at  room  temperature 
(22°C). 

Differential  oocysts  counts  were  determined  for  each  day  (Day  5  PI  to  Day  8 
PI)  with  the  use  of  a  McMaster’s  chamber.  The  oocyst  -KpCr20„  solutions 
representing  collections  from  Day  5  PI  through  Day  8  PI  were  pooled,  centrifuged, 
the  K2Cr20.  removed  and  distilled  water  added  to  obtain  a  concentration  of  50,000 
sporulated  oocysts  of  E.  phasiani,  40,000  oocysts  of  E.  pacifica,  140,000  oocysts  of 
E.  duodenalis  and  25,000  oocysts  of  E.  tetartooimia.  The  inoculum  was  used  one 
wk  after  preparation. 

Experimental  Design 

Three  wk  old,  female,  parasite-free  pheasants  hatched  from  an  incubator  and 
maintained  on  nonmedicated  Illinois  pheasant-quail  starter  ration  were  randomly 
placed  in  four  groups  with  seven  birds  per  group.  Each  group  had  approximately 
equal  total  body  weights  and  was  housed  in  suspension  cages  (60  cm  x  60  cm  x 
85  cm)  made  of  13mm  (0.5  inch)  square  wire  mesh.  The  cages  were  kept  30  cm 
apart  in  a  room  continuously  lighted  and  maintained  at  32°C.  Each  group  had  its 
own  feeder  and  water  fountain.  One  group  was  medicated  with  0.025%  sulfaquin- 
oxaline  (Sulfa-Nox^,  Ralston-Purina  Co.,  St.  Louis,  Mo.)  in  the  drinking  water, 
another  group  received  0.0125%  amprolium  (AmproD,  Merck  &  Co.,  Inc., 
Rahway,  N.J.)  in  the  feed  ration  and  another  group  received  0.011  %  furazolidone 
(NF-180^,  Hess  &  Clark,  Inc.,  Ashland,  Ohio)  in  the  feed.  All  drug  concentrations 
used  were  manufacturer’s  suggested  or  officially  approved  for  poultry.  The  fourth 
group  served  as  a  control  and  had  no  medication  in  the  feed  or  water  throughout 
the  experiment. 

Two  days  after  initiation  of  medication,  all  the  birds  were  inoculated  per  os 
with  1  ml  of  mixed  species,  sporulated  oocyst  inoculum. 

From  Day  5  to  Day  15  PI  the  feces  from  each  group  was  collected  in  drop  pans 
containing  2.5%  (w/v)  K2Cr20_.  Oocysts  production  was  determined  by 
homogenizing  the  sample  in  a  Waring  blender  for  10  seconds,  sieving  it  and  meas¬ 
uring  the  volume  in  a  graduated  cylinder.  After  a  differenital  count  of  oocysts  per 
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ml  was  determined  in  a  McMaster’s  chamber,  the  daily  oocyst  discharge/bird  was 
calculated.  On  Day  8  PI  all  medication  was  withdrawn  and  replaced  thereafter 
with  non-medicated  pheasant-quail  ration  and  tap  water  ad  libitum.  Mortality  was 
monitored  daily  and  post  mortems  were  conducted  to  determine  if  death  resulted 
from  coccidial  infection.  Birds  were  weighed  on  Day  15  PI  and  compared  to  initial 
body  weights  to  determine  average  weight  gains.  The  Student’s  T-test  was  used  to 
compare  average  body  weights  and  weight  gains. 

RESULTS 


Coccidian  Species  Found 

Four  coccidian  species  were  identified  from  the  pooled  litter  samples  obtained 
at  the  Glen  Palmer  Game  Farm.  Eimeria  duodenalis  was  the  most  prevalent,  with 
57.5  %  of  the  oocysts  recovered.  Eimeria  tetartooimia  represented  24.9  %  of  the  coc¬ 
cidial  population,  while  E.  phasiani  and  E.  pacifica  had  about  equal  numbers  of 
oocysts  totalling  17.6%. 

Antibiotic  Efficacy  vs.  Coccidian  Species 

Eimeria  duodenalis  and  E.  tetartooimia  were  the  first  species  to  appear  in  sub¬ 
stantial  numbers  on  Day  5  PI  in  the  nonmedicated  birds  (Fig.  1).  By  Day  6  PI  all 
four  coccidial  species  were  present  in  the  feces  at  a  rate  of  over  5  million 
parasites/bird.  On  day  7  PI,  E.  pacifica  peaked  with  40.5  million  oocysts/bird,  E. 
phasiani  peaked  with  36.8  million  oocysts/bird  and  E.  duodenalis  peaked  with  19.4 
million  oocysts/bird.  E.  tetartooimia  remained  steady  with  6.2  million  oocysts/bird. 
After  Day  7  PI  all  four  species  showed  decreasing  numbers  of  oocysts  in  the  feces. 
Five  of  the  seven  birds  died  of  coccidial  infection  (71.4%)  between  Day  5  PI  and 
Day  8  PI. 

All  four  coccidial  species  appeared  in  the  feces  of  furazolidone  medicated  birds 
on  Day  5  PI.  Eimeria  tetartooimia  was  the  most  abundant  parasite  with  4.5  mil¬ 
lion  oocysts/bird  (Fig.  2).  However,  E.  tetartooimia  showed  decreasing  numbers 
of  oocysts  from  its  peak  on  Day  5  PI  until  no  oocysts  were  found  after  Day  11  PI. 
In  contrast,  E.  phasiani,  E.  duodenalis  and  E.  pacifica  peaked  on  Day  7  with  E. 
pacifica  having  the  greatest  number  of  oocysts  (18  millioin  oocysts/bird).  E.  phasiani 
and  E.  duodenalis  peaked  with  10.1  and  6.9  million  respectively.  No  significant 
increase  in  oocyst  discharge  was  observed  with  any  of  the  species  after  furazolidone 
was  withdrawn  from  the  feed  on  Day  8  PI  suggesting  that  furazolidbne  had  no  coc- 
cidiostatic  action  on  the  parasites.  Three  birds  died  of  coccidia  between  Day  5  PI 
and  Day  7  PI. 

Amprolium  appeared  to  have  a  differential  effect  on  the  various  coccidial  spe¬ 
cies.  Eimeria  phasiani  and  E.  pacifica  oocyst  discharges  were  much  lower  than  in 
the  furazolidone  treated  group,  but  E.  duodenalis  and  E.  tetartooimia  were  rela¬ 
tively  high  in  comparison  (Fig.  3).  £.  tetartooimia  had  oocyst  discharge  levels  three 
times  higher  than  the  nonmedicated  or  furazolidone  group  on  Day  5  PI,  possibly 
because  amprolium  prevented  the  development  of  a  competitive  species  in  the  host. 
Eimeria  duodenalis  represented  the  greatest  number  of  oocysts  in  the  fecal  samples 
on  Day  7  PI.  However,  there  was  no  mortality  throughout  the  testing  period,  sug¬ 
gesting  that  E.  tetartooimia  and  E.  duodenalis  are  relatively  less  pathogenic  than 
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E.  phasiani  and  E.  pacifica.  The  secondary  peak  in  oocyst  discharge  after  drug  with¬ 
drawal  on  Day  13  PI  indicates  that  amprolium  has  a  partial  coccidiostatic  effect 
on  E.  pacifica  and  E.  phasiani  (Fig.  3). 

Sulfaquinoxaline  clearly  demonstrated  a  coccidiostatic  effect  in  all  the  coccidial 
species  infecting  the  pheasants  (Fig.  4).  No  oocysts  of  any  species  were  found  until 
Day  12  PI  (four  days  after  drug  withdrawal).  However,  the  medication  also  had 
a  predominantly  coccidiocidal  effect  resulting  in  low  oocyst  discharge  and  no  mortal¬ 
ity.  Furthermore,  sulfaquinoxaline  and  amprolium  medicated  birds  had  significantly 
higher  body  weights  and  weight  gains  compared  to  non-medicated  and  furazolidone 
medicated  birds  (Table  1). 


DISCUSSION 

Although  furazolidone  had  a  coccidiocidal  action  on  the  parasite  isolates,  it  did 
not  reduce  the  coccidia  sufficiently  to  prevent  mortality.  Furazolidone  was  the  only 
drug  tested  which  failed  to  prevent  mortality  and  the  average  weight  gain  of  furazoli¬ 
done  treated  birds  was  poor  compared  to  amprolium  and  sulfaquinoxaline  medi¬ 
cated  birds.  Perhaps  the  extended  use  of  furazolidone  in  poultry  rations  and  the 
use  of  these  rations  in  pheasant  production  has  resulted  in  furazolidone  resistant 
pheasant  coccidia. 

Amprolium  is  officially  approved  as  a  feed  additive  for  the  prophylactic  control 
of  coccidiosis  in  pheasants  at  0.0175%  concentration  (Anonymous,  1985).  This  is 
a  slightly  greater  concentration  of  amprolium  than  was  tested  in  this  study  or  that 
is  approved  as  a  feed  additive  in  chicken  feed  ration  (0.0125%).  When  compared 
to  furazolidone,  it  appears  that  amprolium  is  effective  in  controlling  mortality  and 
maintaining  good  weight  gain  in  pheasants  by  effectively  reducing  the  reproductive 
potential  of  E.  phasiani,  a  known  pathogen,  and  possibly  E.  pacifica  (Trigg,  1967a; 
Trigg,  1967b).  The  fact  that  amprolium  treated  pheasants  had  no  mortality  and 
high  weight  gains  dispite  the  highest  discharge  of  E.  tetartooimia,  suggests  that  E. 
tetartooimia  is  low  in  pathogenicity.  Also,  E.  duodenalis  apparently  is  relatively 
non  pathogenic  because  it  produced  relatively  high  levels  of  oocysts  in  amprolium 
treated  birds  compared  to  virtually  no  oocyst  production  in  sulfaquinoxaline  treated 
birds,  yet  both  groups  had  comparable  weight  gains  and  no  mortality  (Norton, 
1967b).  Furthermore,  birds  medicated  with  amprolium  are  also  producing  a  natural 
immunity  to  the  various  coccidial  species  because  each  species  is  allowed  to  com¬ 
plete  its  life  cycle  and  produce  some  oocysts. 

The  total  inhibition  of  pheasant  coccidia  by  sulfaquinoxaline  coupled  with  its 
antibacterial  action  and  water  solubility  are  attractive  characteristics  for  its  use  in 
pheasant  operations.  However,  drug  toxicity  in  poultry  from  prolonged  use  or  admin¬ 
istration  of  high  dosages  (Cuckler  and  Ott,  1947;  Joyner  et  al,  1963)  requires  the 
prudent  use  of  sulfaquinoxaline. 
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Table  1.  Average  Body  Weights  and  Weight  Gains  of  Three  Week-Old  Pheasants 
Medicated  With  Antibiotics  and  Infected  With  Coccidia. 


Average  Body  Weights 
(grams) 

Non- 

Medicated 

Treatment  (7  birds/group)^ 

Furazolidone  Amprolium 

Sulfa 

quinoxaline 

Initial  Weight 

96.69 

95.59 

96.16 

94.85 

Final  Weight  (Including 

133.33a 

176.33a 

247,54b 

252.93b 

Dead  Birds) 

Weight  Gain 

36.64a 

80.74a 

151.38b 

158.08b 

A.  Averages  within  a  row  not  followed  by  the  same  letter  are  significantly  different 
(P<0.05). 
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Fig.  1.  Average  daily  oocyst  discharge  of  three  week-old  ring-necked  pheasants  inoculated  with  a  mixed 
culture  of  coccidian  parasites  previously  isolated  from  a  game  farm. 


DAYS  POSTINOCULATION 

Fig.  2.  Average  daily  oocyst  discharge  of  furazolidone  medicated,  three  week-old  ring-necked  pheasants 
inoculated  with  a  mixed  culture  of  coccidian  parasites  previously  isolated  from  a  game  farm. 
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Fig.  3.  Average  daily  oocyst  discharge  of  amprolium  medicated,  three  week-old  ring-necked  pheasants 
inoculated  with  a  mixed  culture  of  coccidian  parasites  previously  from  a  game  farm. 


DAYS  POSTINOCULATION 

Fig.  4.  Average  daily  oocyst  discharge  of  sulfaquinoxaline  medicated,  three-week  old  ring-necked 
pheasants  inoculated  with  a  mixed  culture  of  coccidian  parasites  previously  isolated  from  a 
game  farm. 
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ACQUISITION  OF  MALLOPHAGA  BY  RING¬ 
BILLED  GULL  CHICKS,  LARUS 
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ABSTRACT 

Ninety  Ring-billed  Gull  chicks,  Larus  delaw arensis,  Ord,  were  examined  for 
lice  during  their  first  30  days  post  hatching.  Chicks  as  young  as  one  day  old  were 
found  to  harbour  Saemundssonia  lari  (Giebel  1874).  Infestation  peaked  between 
the  3rd  and  9th  day  of  age,  subsequently  there  was  a  significant  decline  in  both 
prevalence  and  number  of  lice  per  host. 

INTRODUCTION 

Seasonal  peaks  in  mallophagan  populations  have  long  been  known  to  be 
associated  with  the  reproductive  activity  of  avian  hosts  (e.g.  Ash  1960,  Everleigh 
and  Threlfall  1976,  Woodman  and  Dicke  1954),  and  the  synchrony  has  been  inter¬ 
preted  as  an  adaptation  enabling  the  parasite  to  efficiently  exploit  the  new  host 
generation  (Foster  1969,  Hood  and  Welch  1980).  This  report  concerns  observations 
on  the  acquisition  of  lice  (Mallophaga)  by  Ring-billed  Gull  chicks,  Larus  delawar- 
ensis,  during  the  30  days  post  hatching. 

MATERIALS  AND  METHODS 

The  study  site  was  located  on  the  western  periphery  of  the  Ring-billed  Gull 
colony  at  the  Port  of  Rogers  City,  Presque  Isle  County,  Michigan,  and  contained 
314  nests.  This  area  was  divided  into  three  areas  containing  nearly  equal  numbers 
of  nests.  During  the  1982  breeding  season,  200  one-day  old  chicks  were  marked  with 
colored  cellulose  tape  loosely  applied  to  either  or  both  legs.  Chicks  of  known  age 
were  then  sampled  one  per  day  from  each  sub-area  for  30  days.  Chicks  were  sacri¬ 
ficed,  placed  in  separate  plastic  bags  to  contain  all  lice  which  might  migrate  post- 

*Current  address:  Department  of  Biology,  Texas  A&M  University,  College  Station,  Texas  77843. 
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mortem,  carried  to  a  field  laboratory,  and  refrigerated  at  approximately  5°C  until 
examined.  All  chicks  were  examined  within  5  hours. 

Chicks  were  examined  with  the  aid  of  a  stereoscopic  microscope  while  deflecting 
the  down  and  feathers  with  forceps  and  fine  toothed-comb.  All  lice  recovered  were 
preserved  in  70%  ethanol.  To  facilitate  microscopic  examination  they  were  passed 
through  increasing  concentrations  of  ethanol  to  xylene  and  mounted  in  synthetic 
resin  (Permount).  The  frequency  distribution  of  lice  per  chick  was  considered  using 
goodness  of  fit  tests  to  the  Poisson  distribution.  Correlation  analysis  for  trends  in 
abundance  was  performed  using  the  General  Linear  Models  procedures  of  the 
Statistical  Analysis  System  (SAS  1982).  For  analysis  of  trends  in  prevalence  the  collec¬ 
tion  was  divided  into  5  periods  of  6  days  each,  and  subjected  to  Kolomogrov-Smirnov 
goodness  of  fit  test. 


RESULTS 

One  hundred  ninety-nine  adults  and  nymphs  of  Saemtmdssonia  lari  (Giebel  1874) 
were  recovered  from  35  of  90  (39%)  chicks  examined  (  =  5.2  per  infested  chick, 
range  1-18).  Lice  were  collected  from  chicks  of  all  ages,  but  no  nits  (lice  eggs)  were 
observed. 

The  frequency  distribution  of  lice  on  the  nesting  chicks  did  not  conform  to  a 
random  distribution.  Goodness  of  fit  test  to  the  Poisson  distribution  found  lice  to 
be  nonrandomly  distributed  throughout  the  sample  (P  =  0.001). 

The  intensity  of  the  infestation  appeared  to  peak  between  the  3rd  and  9th  day 
of  age  (Fig.  1),  and  there  was  a  significant  (P  =  0.05)  negative  correlation  between 
the  number  of  lice  per  infested  bird  and  age  (r  =  0.295).  Kolomogrov-Smirnov  good¬ 
ness  of  fit  tests  indicated  that  the  observed  order  in  the  frequencies  of  the  5  groups 
was  unlikely  to  be  due  to  chance  (0.005<P<0.01). 


DISCUSSION 

Saernundssonia  lari  were  acquired  by  Ring-billed  Gull  chicks  as  young  as  1  day 
of  age.  This  agrees  with  the  work  of  other  authors  for  different  species  of  birds  and 
lice  (Everleigh  and  Threlfall  1976,  Markov  1937,  van  den  Broek  1967).  However, 
early  transfer  is  not  in  itself  remarkable.  Preening  activity  of  adult  gulls  is  likely 
to  deposit  lice  throughout  the  vicinity  of  the  nest.  Uninjured  Mallophaga  are  quite 
active,  and  may  be  quite  capable  of  relocating  in  the  nest.  During  this  study  lice 
were  observed  on  unhatched  gull  eggs  and  among  nest  materials. 

The  distribution  of  lice  in  the  sample  was  not  remarkably  unlike  that  reported 
for  lice  on  Puffins,  Fratercula  artica  by  Everleigh  and  Threlfall  (1976),  and  is  roughly 
a  hollow  curve  as  predicted  for  parasites  by  Williams  (1964).  However,  such  hol¬ 
low  curves  are  found  in  many  distributions  when  the  mean  frequency  is  small.  Test¬ 
ing  for  goodness  of  fit  to  distributions  such  as  the  negative  binomial  was  not 
considered,  because  such  tests  cannot  in  themselves  distinguish  between  spatial  and 
temporal  distributions  and  the  aggregation  of  lice  in  time  (i.e.  the  early  age  groups) 
was  obvious. 

Prevalence  and  intensity  both  peaked  between  the  3rd  and  9th  days  of  age,  prior 
to  which  time  chicks  were  observed  to  spend  a  substantial  time  beneath  the  brood¬ 
ing  adults.  By  the  time  chicks  were  no  longer  brooded  they  achieved  sufficient  coor- 


159 


dination  to  effectively  preen.  While  the  intimate  association  between  adult  and  chick 
provides  ample  opportunity  for  infestation,  it  is  interesting  to  note  that  after  a  week 
to  10  days  the  chicks  spent  little  time  being  brooded,  and  the  percentage  of  infested 
chicks  over  this  age  fell  from  72%  to  11  %  .  In  a  similar  study  of  Black-headed  Gull 
chicks,  Larus  ridibundis,  van  den  Broek  (1967)  also  found  the  number  of  lice  per 
chick  to  decline  as  chicks  aged.  It  appears  that  the  association  of  chicks  and  parents 
is  indeed  an  important  feature  affecting  the  efficiency  of  mallophagan  transfer. 

In  terms  of  mallophagan  population  dynamics  the  acquisition  of  lice  by  a  host 
is  only  the  first  step  in  establishing  a  new  infrapopulation.  In  order  for  the  coloni¬ 
zation  to  be  successful  the  mallophaga  must  also  reproduce.  Unless  offset  by  recruit¬ 
ment  of  new  individuals  the  decline  in  population,  due  perhaps  to  a  combination 
of  host  preening  activity,  reduction  in  immigration  rate,  and  mortality,  will  lead 
to  local  extinction.  The  best  evidence  of  mallophagan  reproduction  is  the  presence 
of  nits  on  the  feathers  or  down.  In  the  current  study  no  nits  were  observed.  Van 
den  Broek  (1967)  did  find  nits  on  Black-headed  Gull  chicks  of  all  ages.  Future  studies 
concerning  the  phenology  of  colonization  of  new  host  individuals  and  dynamics  of 
mallophagan  populations  should  be  directed  at  establishing  the  timing  of  lice 
reproduction  on  juvenile  birds. 

The  observed  population  trend  of  S.  lari  on  Ring-billed  Gull  chicks  was  sub¬ 
stantially  different  from  the  expected.  Populations  declined  both  in  terms  of  num¬ 
ber  of  infected  hosts  and  number  of  lice  per  host,  suggesting  that  adult-to-chick 
transfer  of  S.  lari  to  L.  delawarensis  occurs  soon  after  the  hosts  hatch.  The  decline 
in  density  was  temporally,  if  not  causually,  associated  with  the  end  of  the  host  brood¬ 
ing  period.  The  timing  of  establishment  of  mallophagan  populations  as  evidenced 
by  nits  was  not  determined. 
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Fig.  1.  Number  (mean  and  range)  of  Saemtmdssonia  lari  on  Ring-billed  Gulls  during  the  30-day  period 
post  hatching. 
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ABSTRACT 

An  association  between  Parydra  quadrituberculata  Loew  and  diatoms  was  exam¬ 
ined  as  to  the  major  forces  governing  the  distribution  and  gross  abundance  of  each 
within  a  mudflat  of  a  marsh.  Diatoms  were  primarily  under  the  influence  of  the 
physical  environment.  Diatoms  were  rare  only  when  the  product  of  soil  moisture 
and  light  intensity  at  the  surface  of  the  mudflat  was  low.  The  presence  of  P.  quad¬ 
rituberculata  was  significantly  associated  with  the  presence  of  diatoms  (p  =  0.01; 
one-tailed  Fishers  Exact  test).  This  was  expected  since  the  shore  fly  diets  on  dia¬ 
toms.  However,  diatoms  were  always  common  when  the  shore  fly  was  present,  sug¬ 
gesting  that  the  shore  fly  is  not  a  major  force  controlling  the  distribution  and  gross 
abundance  of  the  diatoms.  Potential  competitors  of  P.  quadrituberculata  are  dis¬ 
cussed  for  their  possible  impact  on  the  distribution  and  abundance  of  the  shore  fly. 

INTRODUCTION 

Shore  flies  (Diptera:  Ephydridae)  comprise  one  of  the  largest  nearctic  acalyp- 
trate  families,  with  over  400  species  represented  (Deonier,  1979).  The  family  has 
invaded  a  wide  range  of  aquatic  and  semiaquatic  habitats  including  marginal  areas 
of  lakes  and  streams  (Schiering  and  Foote,  1973),  hot  springs  (Wiegert  and  Mitch¬ 
ell,  1973),  temporary  pools,  and  even  decomposing  animals  and  feces  (Bohart  and 
Gressitt,  1951;  Runyan  and  Deonier,  1979). 

Many  studies  of  the  Ephydridae  have  concentrated  on  life  histories  and  diets. 
The  shore  flies  are  mainly  herbivorous,  consuming  algae  (Deonier,  1972.).  How¬ 
ever,  little  is  known  concerning  the  impact  the  shore  flies  have  on  the  algal  com- 


161 


162 


munity.  Study  of  the  algavorous  species  has  lead  to  speculation  by  Foote  (1977)  of 
the  possible  value  of  using  the  flies  to  control  undesirable  algae,  e.g.,  Cyanobac¬ 
teria,  in  eutrophic  waters. 

In  the  following  investigation,  a  mudflat  community  of  shore  flies  was  studied 
in  respect  to  two  objectives: 

1.  Examine  an  ephydrid-algal  relationship  as  to  the  effect  of  each  on  the  distribu¬ 
tion  of  the  other,  and 

2.  Investigate  physical  and  biotic  controls  on  the  abundance  and  distribution  of 
the  ephydrid  and  algae. 

The  shore  fly,  Parydra  quadrituberculata  Loew,  was  chosen  for  study  because 
of  its  abundance  in  a  local  marsh.  The  shore  fly’s  diet  is  made  up  of  diatoms  (Deonier 
and  Regensburg,  1978;  Deonier,  1972). 

STUDY  AREA 

The  study  site  was  a  mudflat  within  a  marsh  located  200m  southwest  of  the 
campus  of  the  College  of  DuPage  (DuPage  County,  IL).  As  part  of  a  preserve  set 
within  a  residential  location,  the  marsh  is  immediately  bordered  by  thick  stands 
of  cattails,  Typha  latifolia  L.  and  T.  angustifolia  L.  Willows,  Sadixspp.,  lie  beyond 
this  border  on  the  east  and  west  ends.  The  oblong  marsh  is  approximately  125m 
in  length  and  90m  in  width. 

The  mudflat  first  formed  during  1984  on  18  June  and  eventually  comprised  the 
entire  marsh  when  the  marsh  dried  up  by  1  September,  1984.  Studies  concentrated 
on  the  more  secluded  southwest  sector  of  the  mudflat. 

MATERIALS  AND  METHODS 

Observations  began  on  31  May,  1984,  before  the  mudflats  were  exposed.  Mac¬ 
roinvertebrates  were  surveyed  from  Typha  spp.  that  were  less  than  10cm  in  height 
by  taking  20  sweeps  with  an  aerial  net.  A  second  collection  was  conducted  on  8 
June,  1984. 

By  18  June,  1984,  the  mudflat  was  beginning  to  form  at  the  cattail-water  inter¬ 
face.  Two  sites  were  sampled,  the  first  being  Im  into  the  cattail  from  its  interface 
with  the  emerging  mudflat  and  the  second  at  the  interface.  Preliminary  measure¬ 
ments  included  temperature  determinations  of  the  air  and  within  the  top  cm  of  soil, 
plus  light  intensity  measurements  above  the  cattails  and  at  the  surface  of  the  soil 
using  a  Weston  light  meter.  All  samples  were  taken  on  sunny  days.  Then,  visual 
observation  for  adult  P.  quadrituberculata  and  other  invertebrates  were  taken  from 
10  quadrats  (25  cm^)  that  were  delineated  by  scrawling  into  the  mud  a  day  before. 
Twenty  sweeps  with  an  aerial  net  over  each  site  followed.  Finally,  mud  samples 
from  each  site  (n  =  20;  4cm- x  0.5cm  depth)  were  collected  for  analysis  of  inver¬ 
tebrate  fauna  and  microflora,  as  well  as  for  the  determination  of  moisture  content. 
Preweighed  moist  mud  was  dried  to  a  constant  weight  at  room  temperature  over 
a  two  week  period  for  determination  of  moisture  content. 

These  procedures  were  repeated  on  7  July,  25  July,  and  22  August,  1984,  at 
various  locations  along  the  growing  mudflat.  Samples  were  taken  Im  into  the  reeds, 
at  the  reed-mudflat  interface,  and  2m  into  the  mudflat  on  all  dates.  On  July  27, 
additional  measurements  were  taken  4m  and  6m  into  the  mudflat.  On  22  August, 
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samples  were  taken  6m,  12m,  and  18m  into  the  mudflat.  Furthermore,  visual  obser¬ 
vations  of  quadrats  for  invertebrates  were  raised  to  20  replicates  for  the  last  two 
sampling  dates. 

Observation  ceased  on  13  September,  1984,  approximately  2  weeks  after  the 
marsh  dried  up  completely.  No  ephydrids  were  observed  during  aerial  net  sampling 
on  September  1  and  13. 

RESULTS  AND  DISCUSSION 

The  abundance  of  P.  quadrituberculata  and  other  macroinvertebrates 

P.  quadrituberculata  was  the  most  common  shore  fly  collected  throughout  the 
study  period  (Table  1).  Two  shore  flies,  Scatella  stagnalis  (Fallen)  and  O  ether  a  mantis 
(Degeer),  were  also  collected.  S.  stagnalis  is  a  generalist  in  diet  and  can  be  success¬ 
fully  reared  on  Cyanobacteria,  such  as  Anahaena  and  Gloeocapsa,  in  addition  to 
diatoms  (Foote,  1977).  So  it  is  a  potential  competitor  to  P.  quadrituberculata.  How¬ 
ever,  adult  S.  stagnalis  were  rarely  collected,  casting  doubt  that  the  species  affected 
the  population  of  P.  quadrituberculata  in  the  marsh  during  1984.  O.  mantis  is  an 
entomophagous  species  (Simpson,  1975).  The  species  was  observed  between  late  July 
and  the  month  of  August.  I  was  unable  to  examine  if  O.  mantis  has  a  negative  effect 
on  the  distribution  and  abundance  of  P.  quadrituberculata. 

Another  abundant  grazer  was  a  species  of  Lymnaea  (Table  1).  As  algavores  (Kes- 
ler,  1983),  Lymnaea  are  known  to  have  cellulase  activity.  Statistical  discussion  of 
the  snail  is  given  later. 

Survey  of  the  microflora 

Table  2  lists  the  algae  identified  from  analysis  of  the  mud  samples.  A  16mm^ 
slice  off  the  surface  of  the  mud  was  taken  for  each  of  20  replicates  per  site.  Mixed 
with  a  drop  of  distilled  water,  the  mud  was  teased  over  a  gridded  microscope  slide 
(Imm^  grids).  Gross  counts  of  the  diatoms,  primarily  Navicula,  were  taken.  Dia¬ 
toms  were  noted  as  rare  if  only  6.25  x  lO"*  cells*m-^  of  surface  soil  were  counted. 
They  were  labeled  common  if  6.25  x  10^  cells*m-^  or  more  were  counted.  No 
counts  occurred  between  these  measurements.  Diatoms  were  given  extra  attention 
due  to  their  importance  as  a  food  source  to  P.  quadrituberculata.  The  relative  con¬ 
tribution  of  each  type  of  algae  to  the  algal  community  was  determined  by  visually 
estimating,  under  400  x  magnification,  the  surface  area  covered  by  the  particular 
algae  and  dividing  this  by  the  total  surface  area  covered  by  all  of  the  algae  under 
view.  This  was  done  to  show  the  floral  diversity  of  the  study  site  and  the  relative 
commonness  of  the  other  algae  to  diatoms. 

Interrelationships  among  biotic  and  abiotic  parameters. 

The  presence  of  P.  quadrituberculata  was  tested  for  a  positive  association  to 
the  presence  of  diatoms  using  a  2  x  2  contingency  table  (Zar,  1984).  Diatoms  were 
given  a  value  of  0  if  they  were  absent  or  rare.  The  result  was  a  significant  associa¬ 
tion  (p  =  0.01;  one-tailed  Fishers  Exact  test).  This  was  expected  since  diatoms  com¬ 
pose  the  diet  of  P.  quadrituberculata. 

P.  quadritubertculata  and  Lymnaea  sp.  were  also  positively  associated  (p  =  0.01; 
one-tailed  Fishers  Exact  test).  However,  Lymnaea  sp.  showed  no  association  (pX).05) 
with  diatoms.  The  positive  association  between  the  shore  fly  and  snail  may  be  the 
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result  of  Lymnaea  sp.  grazing  on  a  broader  spectrum  of,  or  different,  algae  that 
generally  occurred  where  diatoms  were  present  (Table  2).  S.  stagnalis  was  not  sig¬ 
nificantly  (p>0.05)  associated  with  either  P.  quadrituberculata  or  diatoms.  The  pres¬ 
ence  of  diatoms  was  affected  by  the  combination  of  moisture  content  of  the  mud 
and  light  intensity.  Physical  measurements  were  adjusted  on  a  common  scale  rang¬ 
ing  from  0-100  using  the  formula,  (x7x^^^J*100,  where  x^  is  the  sample  value  with 
units  of  %  moisture  content,  °C,  or  lumens,  and  x^^ps  the  highest  like  measure¬ 
ment  recorded  during  the  experiment  (Table  3).  For  an  example  of  the  calculations, 
the  adjusted  value  of  moisture  content  from  soil  collected  within  the  cattail  habitat 
on  18  June  was  (16/69) *100,  or  23.  Sixty-nine  was  the  highest  %  moisture  content 
recorded  during  the  experiment  taken  from  2m  into  the  mudflat  on  7  July.  This 
transformation  offered  to  adjust  the  measurements  on  a  common  scale  for  reasons 
of  comparing  the  synergistic  effects  of  the  different  physical  parameters  on  the  dis¬ 
tribution  of  diatoms.  Except  for  the  27  July  sampling  of  the  cattail-mudlfat  inter¬ 
face,  diatoms  were  rare  or  absent  only  when  the  product  of  the  adjusted  %  soil 
moisture  and  light  intensity  were  low  (<1.8  x  10^,  Table  4).  Diatoms  were  always 
common  when  P.  quadrituberculata  was  present,  even  when  the  shore  fly  occurred 
at  higher  densities.  There  was  no  evidence  that  the  shore  fly  decimated  and  limited 
the  distribution  of  the  diatom  population.  Instead,  diatoms  were  noticably  rare  only 
when  the  combined  environmental  conditions  of  soil  moisture  and  light  intensity 
were  low,  suggesting  these  physical  parameters  are  the  major  controls  on  the  distri¬ 
bution  and  abundance  of  the  diatoms. 

CONCLUSION 

Diatoms  seem  to  be  the  driving  force  in  the  P.  quadrituberculata-disitom  rela¬ 
tionship.  In  contrast,  the  distribution  and  gross  abundance  of  diatoms  were  con¬ 
trolled  by  the  environment.  Once  the  marsh  completely  dried  up,  huge  cracks  (10cm 
depth)  sculptured  the  mudflat.  The  ephydrids  left,  but  were  quite  common  along 
the  moist  mudshore  of  an  adjacent,  deeper  marsh. 

Periodic  desiccation  is  characteristic  of  the  marsh  habitat.  The  ephemerality 
of  this  type  of  habitat  should  select  for  primary  producers  that  can  grow  rapidly 
when  times  are  favorable,  and  seek  refuge  when  the  environment  deteriorates.  Con¬ 
sumers  that  center  their  life  cycles  around  these  producers  also  must  adapt  to  the 
ephemerality  of  the  food  source  placed  upon  by  the  environment.  Therefore,  the 
major  forces  affecting  the  distribution  and  abundance  of  the  food  chain  in  an 
ephemeral  habitat  can  be  expected  to  be  the  environment  for  the  primary  producers, 
and  the  availability  of  the  primary  producers  to  the  herbivores.  Since  many  of  the 
algavorous  Ephydridae  have  diversified  into  habitats  that  are  ephemeral  in  nature 
and  should  be  under  the  primary  control  of  the  physical  environment,  it  is  doubtful 
that  the  flies  can  be  very  useful  in  controlling  nuisance  types  of  algae  occurring  in 
these  areas. 
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Table  1.  Abundance  of  adult  Ephydridae  and  Lymnaea  sp.  in  the  marsh.  Counts 
were  taken  visually  from  the  mudflat  and  reeds.  Captures  using  an  aerial 
net  were  not  included  in  counts  unless  stated  otherwise. 


Date  Habitat 

Organism 

Abundance»m  ^ 

6-18-84  Cattail 

Parydra  quadrituberculata  1200 

Scatella  stagnalis 

Captured  in 

aerial  net 

Lymnaea  sp. 

45800 

Cattail-mudflat 

P.  quadrituberculata 

22400 

interface 

Lymnaea  sp. 

240500 

7-7-84  Cattail 

P.  quadrituberculata 

400 

Cattail-mudflat 

P.  quadrituberculata 

Captured  in 

interface 

aerial  net 

2m  into  mudflat 

P.  quadrituberculata 

3600 

Lymnaea  sp. 

2500 

7-27-84  Cattail 

S.  stagnalis 

Captured  in 

aerial  net 

Cattail-mudflat 

None 

interface 

2m  into  mudflat 

Ochthera  mantis 

6000 

4m  into  mudflat 

P.  quadrituberculata 

400 

O.  mantis 

7600 

Lymnaea  sp. 

3600 

6m  into  mudflat 

P.  quadritubercidata 

6800 

S.  stagnalis 

400 

O.  mantis 

7600 

Lymnaea  sp. 

34400 

8-22-84  Cattail 

None 

Cattail-mudflat 

None 

interface 

2m  into  mudflat 

None 

6m  into  mudflat 

None 

12m  into  mudflat  None 

18m  into  mudflat  P.  quadrituberculata 

400 

O.  mantis 

2000 

Lymnaea  sp. 

63200 

9-1-84 

None 

9-13  84 

None 
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Table  2.  The  relative  contribution  ( % )  of  different  algae  to  the  algal  community. 
Only  algae  contributing  at  least  1  %  to  the  community  are  listed.  Diatoms 
are  notated  as  being  rare  (R)  in  samples  if  <6.25  x  10"^  cells*m~^  were 
counted,  and  common  (C)  if  ^6.25  x  10^  cells*m“2  were  counted. 


Relative 

contribution 


Date  Habitat_ Algae_ x  ±  s;  n  =  20 


6-18-84  Cattail 

Diatoms 

76  ±  22 

(C) 

(Chrysophyta) 

Oscillatoria 

(Cyanobacteria) 

22  ±  22 

Cholorcoccus 

(Chlorophtya) 

1  ±  2 

Cattail-mudflat 

Diatoms 

84  ±  20 

(C) 

interface 

Oscillatoria 

7  ±  9 

Ankistrodesmus 

1  ±  3 

(Chlorophyta) 

Closterium 

(Chlorophyta) 

1  ±  2 

7-7-84  Cattail 

Diatoms 

65  ±  36 

(C) 

Oscillatroia 

34  ±  35 

Closterium 

1  ±  3 

Cattail-mudflat 

Diatoms 

93  ±  15 

(C) 

interface 

Oscillatoria 

8  ±  15 

2m  into  mudflat 

Diatoms 

80  ±  38 

(C) 

Nostoc 

15  ±  37 

(Cyanobacteria) 

Oscillatoria 

5  ±  12 
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Table  2  Continued 


Relative 

contribution 

Date  Habitat 

Algae 

X  ±  s;  n 

=  20 

7-27-84  Cattail 

Diatoms 

88  ±  29 

(R) 

Oscillatoria 

12  ±  29 

Cattail-mudflat 

Diatoms 

7  ±  21 

(R) 

interface 

Oscillatoria 

93  ±  21 

2m  into  mudflat 

Diatoms 

84  ±  27 

(C) 

Arthrospira 

(Cyanobacteria) 

1  ±  2 

Nostoc 

1  ±  5 

Oscillatoria 

12  ±  26 

Oedogonium 

(Chlorophyta) 

2  ±  11 

4m  into  mudflats 

Diatoms 

41  ±  30 

(C) 

Anabaena 

13  ±  17 

(Cyanobacteria) 

Oscillatoria 

46  ±  36 

6m  into  mudflat 

Diatoms 

87  ±  30 

(C) 

Oscillatoria 

9  ±  24 

Spirogyra 

(Chlorophyta) 

4  ±  18 

8-22-84  Cattail 

Diatoms 

90  ±  28 

(R) 

Oscillatoria 

10  ±  28 

Cattail-mudflat 

Oscillatoria 

1  ±  3  (n 

=  8;  remaining 

replicates  lacked 
the  algae) 

Oedogonium 

99  ±  3  ( 

n  =  14;  remaining 

r 

eplicates  lacked 

the  algae) 

8-22-84  2m  into  mudflat 

Oedogonium 

100  ±  1  (n=l;  remaining 

replicates  lacked 
the  algae) 

6m  into  mudflat 

Diatoms 

100  ±  1  (n  =  4;  remaining 

replicates  lacked 
the  algae;  R) 


12m  into  mudflat  Diatoms 

74 

± 

30 

(C) 

Oscillatoria 

26 

± 

30 

18m  into  mudflat  Diatoms 

73 

± 

34 

(C) 

Nostoc 

1  : 

2 

Oscillatoria 

11 

± 

15 

Spirogyra 

12 

± 

30 
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Table  3.  Physical  measurements,  and  adjusted  values  which  are  enclosed  in  paren¬ 
theses,  taken  from  the  habitats  at  the  marsh. 


Date 

Habitat 

% 

Moisture  Content 

Temperature 

(°C) 

Light  Intensity 
(Lumens) 

6-18-84 

Cattail 

16  (23) 

25  (71) 

2600  (100) 

Cattail-mudflat 

interface 

50  (72) 

27  (71) 

2600  (100) 

7-7-84 

Cattail 

Cattail-mudflat 

interface 

62  (90) 

32  (91) 

2450  (94) 

2m  into  mudflat 

69  (100) 

29  (83) 

2550  (98) 

7-24-84 

Cattail 

42  (69) 

20  (57) 

750  (29) 

Cattail-mudflat 

interface 

40  (58) 

22  (63) 

2450  (94) 

2m  into  mudflat 

45  (65) 

23  (66) 

2450  (94) 

4m  into  mudflat 

44  (64) 

24  (69) 

2450  (94) 

6m  into  mudflat 

57  (83) 

27  (77) 

2450  (94) 

8-22-84 

Cattail 

37  (54) 

28  (80) 

160  (6) 

Cattail-mudflat 

interface 

4  (6) 

32  (91) 

2000  (77) 

2m  into  mudflat 

3  (4) 

35  (100) 

2000  (77) 

6m  into  mudflat 

1  (1) 

34  (97) 

2000  (77) 

12m  into  mudflat 

22  (32) 

33  (94) 

2000  (77) 

18m  into  mudflat 

27  (39) 

32  (91) 

2000  (77) 

^max 

69 

35 

2600 
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Table  4.  The  adjusted  products  of  (soil  moisture  •  light  intensity)  ranked  from 
highest  to  the  lowest  values  and  the  commonness  of  diatoms  associated 
with  each  value.  C  means  the  diatoms  were  common  while  R  signifies 
rarity. 


Adjusted  Product  of 
soil  moisture  and 
light  intensity 

Date 

Location 

Commonness  of 
Diatoms 

9.8  X  10^ 

7/7/84 

2m  into  mudflat 

C 

8.8  X  10^ 

7/7/84 

cattail-mudflat 

interface 

C 

8.5  X  10^ 

7/7/84 

cattail 

c 

7.8  X  W 

7/27/84 

6m  into  mudflat 

c 

7.2  X  103 

6/18/84 

cattail-mudflat 

interface 

c 

6.0  X  103 

7/27/84 

4m  into  mudflat 

c 

6.1  X  103 

7/27/84 

2m  into  mudflat 

c 

5.5  X  103 

7/27/84 

cattail-mudflat 

interface 

R 

3.0  X  103 

8/22/84 

18m  into  mudflat 

C 

2.5  X  103 

8/22/84 

12m  into  mudflat 

C 

2.3  X  103 

6/18/84 

Cattail 

C 

1.8  X  103 

7/27/84 

Cattail 

R 

4.6  X  102 

8/22/84 

Cattail-mudflat 

interface 

Absent 

3.2  X  102 

8/22/84 

Cattail 

R 

3.1  X  102 

8/22/84 

2m  into  mudflat 

Absent 

7.7  X  101 

8/22/84 

6m  into  mudflat 

Absent 
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ABSTRACT 

Subspecific  composition  of  Canada  geese  (Branta  canadensis)  wintering  at  3 
southern  Illinois  refuges  was  estimated  based  upon  culmen  and  tarsal  measurements 
obtained  from  1,079  trapped  and  256  harvested  adult  geese.  A  data  set  was  con¬ 
structed  from  breeding  ground  measurements  of  adult  B.  c.  interior,  B.  c.  maxima, 
and  B.  c.  hutchinsii  for  comparison  to  wintering  area  measurements.  Based  on  dis¬ 
criminant  function  analysis,  97.0  percent  of  wintering  geese  were  B.  c.  interior, 
2.8  percent  B.  c.  maxima  and  0.2  percent  B.  c.  hutchinsii.  Subspecific  composition 
did  not  vary  (P>0.1)  between  years,  trapped  and  harvested  samples,  or  refuges. 

INTRODUCTION 

Canada  geese  wintering  in  southern  Illinois  represent  a  major  portion  of  the 
Mississippi  Valley  Population  (MVP)  that  nests  in  the  Hudson  Bay  Lowlands  of 
northern  Ontario  west  of  James  Bay  and  south  of  Hudson  Bay  (Hanson  and  Smith 
1950).  Over  90%  of  the  MVP  winters  in  southern  Illinois  at  Crab  Orchard  National 
Wildlife  Refuge  (CONWR)  in  Williamson  County,  Horseshoe  Lake  Conservation 
Area  (HLCA)  in  Alexander  County,  Rend  Lake  in  Franklin  and  Jefferson  counties, 
and  Union  County  Conservation  Area  (UCCA)  in  Union  County  and  in  Kentucky 
at  Ballard  County  Wildlife  Management  Area  (BCWMA). 

Harvest  of  MVP  Canada  geese  in  Illinois  is  regulated  by  annual  statewide  and 
zone  quotas.  Alexander,  Jackson,  Union,  and  Williamson  counties  constitute  the 
Southern  Illinois  Quota  Zone,  where  goose  hunting  is  terminated  when  annual  quotas 
are  reached.  About  75%  of  the  statewide  Canada  goose  harvest  occurs  in  southern 
Illinois;  60%  in  the  Quota  Zone  and  15%  at  Rend  Lake  (Anderson  1984). 

MVP  geese  have  long  been  considered  to  be  B.  c.  interior  (Bellrose  1980), 
although  B.  c.  maxima  and  B.  c.  hutchinsii  mix  with  MVP  geese  in  southern  Illinois 
(Elder  1946,  Bellrose  1980).  Recent  increases  in  Illinois  populations  of  B.  c.  maxima 
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(Perkins  1981)  have  prompted  interest  in  excluding  B.  c.  maxima  from  harvest  quotas 
(D.D.  Thornburg,  pers.  comm.).  This  study  examines  the  subspecific  composition 
of  Canada  geese  wintering  in  southern  Illinois  with  emphasis  on  variation  between 
years,  locations,  and  trapped  versus  harvested  geese. 

METHODS  AND  MATERIALS 

Geese  were  captured  using  baited  rocket  nets  (Dill  and  Thornsberry  1950)  and 
swim-in  traps  (Arthur  and  Kennedy  1972).  Geese  were  trapped  at  Rend  Lake  Wild¬ 
life  Refuge  during  December-February  1982-83  and  1983-84,  at  UCCA  October- 
February  1983-84,  and  at  CONWR  October-November  1983. 

Harvested  geese  associated  with  each  of  the  study  areas  were  sampled  November- 
December,  1983.  Geese  harvested  at  Rend  Lake  and  CONWR  were  sampled  at  local 
hunt  clubs  and  commercial  plucking  businesses,  while  geese  at  UCCA  were  sampled 
at  the  Public  Hunting  Area  located  on  the  refuge. 

Length  of  exposed  culmen  (Baldwin  et  al.  1931)  and  tarsus  (Dill  and  Lee  1970) 
were  recorded  for  all  sample  geese.  Age  and  sex  were  determined  according  to 
Hanson  (1967). 

Data  analysis  was  conducted  using  the  Statistical  Analysis  System  (SAS)  (Helwig 
and  Council  1979).  A  calibration  data  set  for  the  SAS  discriminant  function  analy¬ 
sis  procedure  was  constructed  from  breeding  ground  measurements  of  adult  B.  c. 
interior  (N  =  59)  (Ravaling  1977),  B.  c.  hutchinsii  (N  =  34)  (Macinnes  1966),  and 
B.  c.  maxima  (N  =  100)  (unpublished  data  from  resident  Illinois  flock.  Southern 
Illinois  University  Cooperative  Wildlife  Research  Laboratory)  for  comparison  to 
measurements  from  wintering  areas.  Length  of  exposed  culmen  and  tarsus  were 
selected  as  discriminating  variables  because  they  were  the  only  variables  common 
to  the  3  sets  of  breeding  ground  measurements.  Measurements  from  immature  geese 
were  not  used  in  subspecies  analysis  and  sexes  of  adults  were  analyzed  separately 
because  of  morphometric  differences  between  ages  and  sexes  (Spitzkeit  1984).  Dis¬ 
criminant  functions  for  adult  males  and  females  were  >  90%  accurate  in  classifying 
subspecies.  Geese  measured  in  southern  Illinois  were  classified  as  B.  c.  interior,  B. 
c.  maxima,  or  B.  c.  hutchinsii  by  the  discriminant  procedure.  Chi-square  tests  were 
used  to  compare  subspecific  composition  among  locations  (refuges),  years  (at  Rend 
Lake),  and  trapped  versus  harvested  geese. 

RESULTS  AND  DISCUSSION 

Discriminant  function  analysis  of  the  sample  of  1,079  trapped  and  256  harvested 
adult  Canada  geese  from  Rend  Lake,  CONWR,  and  UCCA  was  97.0  percent  B. 
c.  interior,  2.8  percent  B.  c.  maxima,  and  0.2  percent  B.  c.  hutchinsii.  Subspecific 
composition  did  not  vary  (P>0.1)  between  years  (at  Rend  Lake),  trapped  and  harvest 
samples,  or  refuge  areas. 

The  lack  of  variation  in  subspecific  composition  among  study  locations  suggests 
that  subspecific  composition  of  geese  does  not  vary  among  refuges  in  southern  Illinois. 
Furthermore,  Spitzkeit  (1984)  found  no  consistent  variation  (within  age  and  sex 
classes)  among  the  same  study  locations  in  13  different  morphometric  characteristics. 

Consistent  subspecific  composition  between  years  at  Rend  Lake  suggests  a  few 
B.c.  maxima  and  B.  c.  hutchinsii  can  be  expected  each  year.  However,  the  observed 
97  percent  B.  c.  interior  justify  setting  quotas  in  southern  Illinois  to  protect  MVP 
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geese.  Increasing  quotas  in  southern  Illinois  by  3  percent  may  be  justifiable  if  quotas 
are  assumed  to  be  an  accurate  assessment  of  allowable  MVP  harvest.  Substantially 
higher  proportions  of  B.  c.  maxima  may  be  available  for  harvest  in  central  and  north¬ 
ern  Illinois  because  of  increasing  numbers  of  B.  c.  maxima  breeding  in  those  areas. 
However,  additional  information  on  subspecific  composition  of  Canada  geese  har¬ 
vested  in  central  and  northern  Illinois  is  needed  before  harvest  is  increased  in  these 
areas. 

The  three  subspecies  of  Canada  geese  observed  in  southern  Illinois  were  equally 
vulnerable  to  harvest.  These  data  counter  our  hypothesis  that,  due  to  their  larger 
size  and  resident  nature,  B.  c.  maxima  are  more  vulnerable  to  harvest  than  other 
subspecies  in  southern  Illinois. 
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ABSTRACT 

Abundance  and  diversity  of  vertebrates,  especially  small  mammals  and  birds, 
and  terrestrial  vegetation  were  measured  on  surface-mined  lands  in  the  Bankston 
Fork  watershed,  Williamson  and  Saline  counties,  Illinois.  Habitats  examined,  on 
sites  mined  5-34  years  earlier,  included  reed  marsh,  fescue  grassland,  old  field, 
woodland  edge,  pine  woodland,  black  locust  woodland,  and  other  deeiduous  wood¬ 
land.  Tree  density  and  basal  area  were  greatest  in  pine  woodland  (1,156  trees  and 
26  basal  m^  per  ha).  Small  mammals  were  most  abundant  in  grass  plantings  (23 
captures  per  100  trap-nights),  primarily  beeause  of  high  deer  mouse  (Peromyscus 
maniculatus)  and  prairie  vole  (Microtus  ochrogaster)  populations.  However,  the 
white-footed  mouse  (P.  leucopus)  was  the  most  widely  distributed  mammal.  Diver¬ 
sity  values  (H')  for  small  mammal  eommunities  in  herbaeeous  plant  dominated  and 
edge  habitats  were  about  twice  the  values  obtained  for  woodlands.  Breeding  bird 
diversity  in  edge  habitat  was  generally  greater  than  in  other  habitats;  pine  planta¬ 
tion  supported  relatively  high  wintering  bird  populations.  Fence  lizards  (Scelopo- 
rus  undulatus)  and  six-lined  raeerunners  (Cnemidophorus  sexlineatus)  were  locally 
abundant,  as  were  aquatic  amphibians  and  reptiles.  Grass  plantings  on  the  most 
recently  reelaimed  areas  eontained  less  biotic  diversity  than  did  older  mined  lands 
or  adjacent  unmined  lands.  Habitat  diversity  and  edge  contributed  to  observed  small 
mammal  and  bird  diversity  and  are  recommended  for  development  in  reelamation 
planning. 


Tresent  address:  Ohio  Cooperative  Wildlife  Research  Unit,  The  Ohio  State  University,  1735  Neil  Ave., 
Columbus,  Ohio  43210 
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INTRODUCTION 

Surface  mining  of  coal  is  viewed  as  having  a  major  impact  on  the  traditional  use 
of  lands  in  Illinois  as  well  as  the  Midwest.  Generally  a  eonsequence  of  such  drastic 
disturbance  of  land  is  the  opportunity  to  examine  aspeets  of  reestablishment  of  fauna 
and  flora  both  as  a  result  of  natural  processes  and  those  generated  by  man  through 
reclamation  efforts.  A  setting  for  sueh  researeh  was  the  13,344-ha  Bankston  Fork 
watershed,  located  in  Williamson  and  Saline  eounties,  Illinois,  of  which  over  25% 
was  disturbed  by  mining  during  1936-1976.  Beeause  surface  mining  is  expeeted  to 
eontinue,  the  environmental  consequenees  are  of  major  importance  as  we  develop 
plans  for  reelamation  and  particularly  attempt  to  establish  baseline  data.  Even 
though  surface  mining  for  coal  began  in  the  United  States  over  100  years  ago  (Klim- 
stra  and  Jewell  1973),  signifieant  studies  of  vertebrate  populations  and  their  habi¬ 
tat  on  mined  lands  are  limited  (Czapowskyj  1976,  Nawrot  et  al.  1982).  In  addition, 
due  to  mueh  variability  in  planting  and  grading  practiees,  or  laek  thereof,  partieu- 
larly  on  pre-law  lands,  eaeh  large  surface-mined  area  possesses  its  own  eharaeteristic 
wildlife  habitat  attributes  and  is  therefore  deserving  of  study.  This  study  in  1975-76 
attempted  to  determine  speeies  composition,  abundance,  and  diversity  of  elements 
of  vertebrate  fauna  and  vaseular  flora  on  surface-mined  lands  in  the  Bankston  Fork 
watershed. 


STUDY  AREA 

The  study  area  consisted  of  3,457  ha  surfaee  mined  in  the  Bankston  Fork  water¬ 
shed  in  Williamson  and  Saline  eounties,  Illinois  (T9S,  R4E,  See.  13-16,  20-29,  33-36; 
T9S,  R5E,  Sec.  19-30).  Based  on  1970-71  aerial  photographs,  approximately  62% 
of  the  surface-mined  land  consisted  of  spoil  banks  (ungraded  spoils)  and  38%  was 
graded  to  a  rolling  or  level  topography.  Spoil  banks  were  50%  wooded,  7  %  old  field 
stage,  and  43%  feseue  {Festiica  arundinacea)  dominated  grass-legume  plantings. 
Graded  areas  were  37  %  wooded,  30%  old  field,  and  33%  feseue  dominated  plant¬ 
ings.  Fescue  plantings  were  eonfined  primarily  to  lands  mined  after  1962,  when  the 
first  regulations  requiring  significant  reclamation  in  Illinois  became  effective.  Other 
eover  types  represented  primarily  pre-law  lands  (mined  before  1962). 

Twenty-two  sites  representing  seven  general  habitat  types  were  examined.  These 
habitat  types  ineluded  reed  marsh  (1  site,  16  years  after  mining),  feseue  grassland 
(1  graded  and  2  spoil  bank  sites,  5-14  years  old),  old  field  (2  graded  sites,  25  and 
30  years  old),  woodland  edge  (3  graded  and  1  partially  graded  site,  19-32  years  old), 
pine  woodland  (2  spoil  bank  and  2  graded  sites,  19-34  years  old),  blaek  locust 
(Robinia  pseudoacacia)  woodland  (1  partially  graded  and  1  spoil  bank  site,  25  and 
34  years  old,  respectively),  and  other  deeiduous  woodland  (3  spoil  bank  and  3  graded 
sites,  16-32  years  old).  The  two  spoil  bank  sites  in  fescue  grassland  were  “strike-off” 
areas,  i.e.,  the  erests  of  spoils  had  been  leveled.  As  allowed  under  then  applicable 
Illinois  law,  topsoil  had  been  replaced  on  none  of  the  sites  studied. 

METHODS  AND  MATERIALS 

A  152. 4-m  line  transeet  was  established  as  a  sampling  baseline  at  eaeh  of  22  sites 
examined.  Sampling  occurred  February  1975  through  January  1976. 

Six  vegetation  sampling  points,  each  serving  as  the  center  of  a  cireular  plot, 
were  established  at  30.5-m  intervals  along  each  transect.  At  each  point,  density  and 
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basal  area  of  trees  (woody  plants  greater  than  6.4  cm  DBH)  were  recorded  per  0.04- 
ha  circular  plot,  density  of  shrubs  (woody  plants  2. 5-6. 4  cm  DBH)  was  recorded  per 
0.004-ha  circular  plot,  and  areal  ground  cover  was  estimated  (Braun-Blanquet 
1932:32)  per  0.0004-ha  plot  for  each  species  in  the  herbaceous  layer.  The  herbaceous 
layer  was  sampled  twice,  June  and  September.  Unlike  graded  sites,  spoil  banks  pos¬ 
sessed  enough  topographic  variation  to  influence  vegetation  development;  sampling 
and  data  analysis  were  therefore  more  involved.  Tree  sampling  plots  on  spoils  were 
centered  on  ridges;  to  alleviate  overrepresentation  of  ridgetop  stands,  all  trees  were 
classified  in  regard  to  topographic  position  (ridge,  slope,  or  valley).  Density  and 
basal  area  per  hectare  were  then  calculated  separately  within  each  of  these  strata. 
Values  obtained  were  then  multiplied  by  a  weighting  factor  equivalent  to  the  propor¬ 
tion  of  site  area  actually  occuped  by  that  stratum.  Weighted  density  and  basal  area 
values  per  stratum  were  then  summed  to  produce  total  density  and  basal  area.  Shrubs 
were  sampled  with  six  points  on  each  ridge-centered  transect  and  six  in  adjacent 
valleys.  Herbaceous  layer  vegetation  was  sampled  at  six  points  on  ridges,  three  on 
slopes,  and  three  in  valleys  along  each  transect  at  spoil  bank  sites. 

Twenty  trapping  stations  at  7.6  m  intervals  on  each  transect  were  used  to  assess 
small  mammal  abundance.  One  standard  Victor  mouse  trap  and  two  Museum  Special 
snap  traps  were  set  per  station.  Bait  was  rolled  oats  and  peanut  butter;  Sevin  was 
added  during  spring  and  summer  to  reduce  loss  to  insects.  Traps  were  operated  for 
two  consecutive  nights  during  four  sampling  periods:  February-March,  June,  August, 
and  late  November.  Approximately  12  pitfall  traps  (1.4  kg  cans  half  full  of  water 
and  buried  with  tops  at  ground  level)  were  employed  September  through  mid- 
November  in  fescue  grassland,  old  field  or  edge  habitats,  and  woodlands. 

A  modified  version  of  the  Forbes-Gross  strip-census  (Forbes  1907  in  Graber  and 
Graber  1963)  was  used  to  assess  bird  populations.  Modifications  included  one 
observer  instead  of  two  and  a  three-fold  reduction  in  the  distance  in  front  of  the 
observer  over  which  birds  were  counted.  Along  each  wooded  transect  the  sampling 
unit  was  a  152.4  x  30.5-m  belt;  in  open  areas  dimensions  were  152.4  x  45.7  m.  During 
a  census  the  observer  counted  all  birds  30.5  m  or  less  to  the  front  while  maintaining 
a  walking  pace  of  approximately  30  minutes  per  km.  With  few  exceptions,  birds 
flying  over  3  m  above  the  vegetation  canopy  (or  greater  than  12  m  above  the  ground 
surface  when  no  canopy  was  present)  were  not  included.  Gensuses  were  made 
between  sunrise  and  1100  hours;  at  the  22  sites  the  transect  was  covered  five  times 
during  each  of  four  periods:  February-March  1975  and  January  1976;  April-June 
1975;  July-September  1975;  and  October-December  1975. 

Species  richness  (S)  of  trees,  small  mammals,  and  birds  was  measured  as  number 
of  species  per  unit  area.  Species  diversity  (H')  was  calculated  according  to  the 
equation  H'  =  -  Lpj log  pj  (Shannon  and  Weaver  1949),  where  p|  =  the  proportion 
of  total  individuals  or  some  other  importance  value  represented  by  species  i  in  the 
sample. 

Noteworthy  vertebrate  specimens  were  deposited  in  the  collection  of  the  Goop- 
erative  Wildlife  Besearch  Laboratory,  Southern  Illinois  University. 
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RESULTS 


Vegetation 

The  common  reed  (Phragmites  australis)  formed  dense  stands  and  was  the  domi¬ 
nant  species  in  reed  marsh.  Tall  fescue  dominated  fescue  grassland;  alfalfa  (Medicago 
sativa)  and  sweet  clover  {Melilotus  spp.)  were  common.  Brome  grass  {Bromus  spp.), 
broom  sedge  (Andropogon  virginicus) ,  yellow  sweet  clover  {Melilotus  officinalis), 
Korean  lespedeza  {Lespedeza  stipulacea),  dwarf  sumac  {Rhus  copallina),  and  trum¬ 
pet  creeper  {Carnpsis  radicans)  each  accounted  for  more  than  5%  ground  cover  in 
old  field.  In  woodland  edge,  brome  grass,  brambles  {Rubus  spp.),  yellow  sweet  clo¬ 
ver,  poison  ivy  {Toxicodendron  radicans),  and  Japanese  honeysuckle  {Lonicera 
japonica)  were  common  in  the  herbaceous  layer;  sandbar  willow  {Salix  interior), 
black  locust,  and  dwarf  sumac  were  common  shrubs.  Common  trees  in  woodland 
edge  were  the  same  as  those  in  adjacent  woodlands. 

Tree  densities  and  basal  areas  were  greatest  in  pine  and  black  locust  plantations 
(Table  1).  Shortleaf  {Pinus  echinata)  and  loblolly  pines  {P.  taeda)  were  dominant 
species  in  pine  woodland.  Black  locust  dominated  locust  woodland.  On  the  par¬ 
tially  graded  locust  site,  living  and  dead  black  locust  accounted  for  66%  and  19% 
of  total  tree  density,  respectively.  On  the  spoil  bank  locust  site,  living  and  dead  black 
locust  accounted  for  30  %  and  28  %  of  total  tree  density,  respectively.  High  locust 
mortality,  attributable  primarily  to  locust  borer  {Megacyllene  robiniae),wsLS 
associated  with  high  tree  diversity  (Table  1).  This  diversity  resulted  from  favorable 
conditions  for  invading  species  such  as  wild  black  cherry  {Prunus  serotina),  American 
elm  {Ulmus  americana) ,  box  elder  {Acer  negundo),  river  birch  {Betula  nigra),  and 
sycamore  {Platanus  occidentalis) .  Vegetative  ground  cover  was  moderately  developed 
in  locust  woodland  and  was  largely  brome  grass,  blackberry  {Rubus  alleghenien- 
sis),  poison  ivy,  dwarf  sumac,  and  Japanese  honeysuckle.  In  contrast,  herbaceous 
and  shrub  cover  in  pine  woodland  was  sparse. 

Other  deciduous  woodlands  included  three  planted  sites  of  sweet  gum 
{Liquidarnbar  styraciflua) ,  cottonwood  {Populus  deltoides),  and  sycamore/sweet 
gum,  and  three  natural  stands  dominated  by  sycamore,  cottonwood,  and  willows 
{Salix  nigra  and  S.  interior).  Highest  tree  density  occurred  at  the  willow  dominated 
pond  edge  (Table  I),  while  lowest  density  occurred  in  the  cottonwood  plantation 
(272  trees/ha).  Greatest  basal  area  was  in  the  gum  plantation  (16.6  m^/ha),  and 
least  basal  area  occurred  in  the  sycamore-gum  plantation  (7.3  m^/ha).  The  pond 
edge  contained  greatest  shrub  density  (Table  I),  and  the  volunteer  cottonwood  stand 
contained  least  (75  shrubs/ha). 

Mammals 

The  white-footed  mouse  {Perornyscus  leucopus)  accounted  for  42%  of  1,498 
animals  trapped  and  was  the  most  widely  distributed  species  (Table  2).  Mean  trap¬ 
ping  success  for  total  small  mammals  increased  from  3.3  captures  per  100  trap-nights 
in  winter  to  7.2  in  spring  and  from  6.8  in  summer  to  II. 3  during  fall.  Reed  marsh, 
fescue  grassland,  woodland  edge,  and  old  field  exhibited  relatively  high  small 
mammal  species  diversity,  while  later  successional  stages  reflected  low  diversity. 

Fescue  grassland  exhibited  greater  numbers  of  small  mammals  than  other  areas 
studied  (Table  2);  deer  mice  {Perornyscus  maniculatus)  and  prairie  voles  {Microtus 
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ochrogaster)  predominated  and  aeeounted  for  49  %  and  38  %  of  captures,  respec¬ 
tively.  Although  snap-trapping  of  the  least  shrew  (Cryptotis  parva)  yielded  less  than 
2%  of  total  captures,  it  was  probably  common  as  evidenced  by  a  capture  rate  of 
4.9  per  100  pitfall  trap-nights. 

The  negative  effect  of  grazing  on  small  mammal  populations  was  demonstrated 
after  cattle  were  introduced  late  September  1975  on  the  graded  fescue  site.  Prior 
to  this  introduction,  the  graded  site  produced  a  higher  trapping  success  in  every 
season  than  all  others,  including  fescue  strike-off  sites.  In  comparison,  the  strike-off 
site  subjected  to  grazing  prior  to  and  throughout  the  study  continually  demonstrated 
lower  populations  than  either  ungrazed  site.  From  August  to  late  November,  captures 
per  100  trap-nights  on  the  fescue  dominated  sites  increased  from  31.7  to  61.7  on  the 
ungrazed  strike-off  site,  from  10.0  to  35.0  on  the  grazed  strike-off  site,  but  decreased 
from  37.7  to  10.0  on  the  graded  site.  This  last  decline  was  2  months  after  initiation  of 
grazing.  However,  capture  rate  increased  for  the  least  shrew  on  the  graded  site; 
it  was  never  caught  in  snap  traps  until  after  grazing,  when  it  comprised  42%  of 
total  captures. 

Old  field  on  surface-mined  land  demonstrated  high  small  mammal  populations; 
prairie  voles,  white-footed  mice,  and  deer  mice  predominated  (Table  2).  The  dis¬ 
tribution  of  Peromyscus  depended  on  type  of  old  field;  at  one  site,  relatively  mesic 
and  dominated  by  brome  grass,  P.  maniculatus  accounted  for  83  %  of  Peromyscus 
captured.  In  contrast,  at  the  other,  relatively  xeric,  old  field  site  dominated  by  broom 
sedge,  trumpet  creeper,  and  drawf  sumac,  P.  leucopus  accounted  for  89%  of 
Peromyscus  captures. 

Birds 

Of  125  species  of  birds  observed,  81  were  potential  breeding  species  (Kleen  and 
Bush  1971);  the  most  numerous  are  noted  in  Table  3.  Relatively  high  bird  densities 
were  present  in  reed  marshes,  where  red-winged  blackbirds  (Agelaius  phoeniceus) 
accounted  for  60%  of  individuals  observed  during  spring  and  summer.  Densities 
were  high  in  woodland  edge,  which  exhibited  greatest  breeding  bird  diversity  among 
habitats  examined  (Table  3).  Fescue  sites  reflected  low  densities,  exhibiting  char¬ 
acteristic  grassland  avifauna.  Dickcissels  (Spiza  americana)  and  grasshopper  spar¬ 
rows  (Ammodramus  savannarum)  were  abundant  during  spring  and  early  summer 
at  the  graded  fescue  site. 

During  fall-winter  bird  numbers  were  lower  than  in  spring-summer  for  all 
habitats  except  pine  woodland,  where  winter  abundance  was  associated  primarily 
with  cover  provided  when  such  shelter  was  lacking  elsewhere.  The  high  winter  abun¬ 
dance  included  several  conifer-loving  winter  residents  such  as  the  golden-crowned 
kinglet  (Regulus  satrapa)  and  red-breasted  nuthatch  {Sitta  canadensis),  which 
represented  35%  and  21  % ,  respectively,  of  the  individuals  observed  October-March. 
Bird  species  diversity  was  also  high  in  pine  plantations  during  winter. 

Based  on  pooled  data  collected  during  20  runs  per  transect  over  a  1-year  period, 
annual  avifaunal  diversity  was  generally  low  in  old  fields  and  fescue  pastures,  but 
high  in  wooded  habitats.  Fescue  grassland  and  old  field  averaged  12.3  ±  1.2  (1  S.E.) 
and  12.5  ±  0.5  (1  S.E.)  species  per  20  transect  runs,  while  wooded  habitats  ranged 
from  18.5  to  24.5  species  per  20  runs. 
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Other  Vertebrates 

A  complete  account  of  large  mammals  and  birds,  reptiles,  amphibians,  and  fishes 
is  beyond  the  scope  of  this  paper,  and  can  be  reviewed  elsewhere  (Urbanek  1976). 
However,  the  following  findings  are  noteworthy.  Fence  lizards  (Sceloporus  undulatiis) 
and  six-lined  racerunners  (Cnemidophorus  sexlineatus)  were  locally  abundant  in 
patches  of  rocky,  xeric  habitat  throughout  the  study  area.  Fowler’s  toads  (Bufo  wood- 
housei) ,  cricket  frogs  (Acris  crepitans) ,  chorus  frogs  {Pseudacris  triseriata) ,  and  spring 
peepers  (Hyla  crucifer)  were  common  to  abundant.  Diversity  of  fishes  was  greater 
in  creeks  and  lake  edges  than  in  ponds.  Number  of  fish  species  captured  per  two 
seine  sweeps  was  6.5  ±  1.56  (1  S.E.)  for  creeks,  5.8  ±  1.02  for  lake  edge,  and  1.0 
±  0.71  for  ponds.  Large  numbers  of  larval  anurans  and  salamanders  were,  how¬ 
ever,  frequent  in  the  pond  habitat  and  were  associated  with  small  or  no  fish 
populations. 


DISCUSSION 

Each  of  the  seven  major  habitat  types  examined  can  be  viewed  as  a  potential 
reclamation  alternative.  Each  has  been  shown  to  possess  certain  value  for  wildlife. 

The  reed  marsh  supported  such  uncommonly  found  small  mammal  species  as  the 
southern  log  lemming  (Synaptomys  cooperi)  and  rice  rat  (Oryzomys  palustris).  A 
specimen  of  the  latter,  taken  on  15  August  1975,  confirmed  the  presence  of  this  species 
in  the  Saline  River  Valley,  where  it  had  not  been  previously  reported  (Klimstra  and 
Scott  1956,  Klimstra  and  Roseberry  1969,  Natural  Land  Institute  1981:66).  Other 
wetlands,  occurring  on  the  mined  area  but  not  examined,  probably  also  provided 
habitat  for  these  species,  as  well  as  for  numerous  birds,  reptiles,  and  amphibians. 

Eescue  grassland  represented  the  most  recent  form  of  surface  mine  reclamation 
and  is  an  example  of  the  expansive,  low  diversity,  low  edge,  agricultural  reclamation 
that  over  the  past  two  decades  has  come  to  dominate  in  the  United  States.  These 
plantings  have  been  shown  to  be  good  habitat  for  some  small  mammals,  but  poor 
for  all  but  a  few  species  of  birds.  Primary  beneficiaries  of  this  reclamation  type  are 
deer  mice  and  voles  (Microtus  spp.).  Deer  mice  have  been  shown  to  prefer  new  areas 
with  some  sparse  cover  at  the  ground  surface,  while  Microtus,  which  use  runways, 
prefer  dense  cover  at  ground  level  (McGowan  1980).  The  suitability  of  newly  mined 
lands  with  little  or  no  woody  cover  for  deer  mice  has  been  well  documented  (Verts 
1957,  Kirkland  1976,  Sly  1976,  Hansen  and  Warnock  1978,  McGowan  1980).  The 
ubiquitous  white-footed  mouse,  however,  predominates  on  older  sites  with  at  least 
some  woody  vegetation  (Verts  1957,  Jones  1967,  Bookhout  et  al.  1968,  Sly  1976, 
Hansen  and  Warnock  1978).  These  findings  concur  with  the  differential  use  of  the 
two  old  field  sites  by  these  two  species  of  Peromyscus.  In  regard  to  birds,  Whitmore 
and  Hall  (1978)  and  Wray  et  al.  (1978)  have  shown  that  prairie  species  dominate 
grass  plantings  created  by  recent  reclamation  in  West  Virginia.  Grasshopper  spar¬ 
rows  tend  to  be  the  most  common  breeding  species,  provided  the  vegetation  does 
not  become  too  dense  and  some  bare  ground  is  available  (Whitmore  1979).  In  our 
study,  grasshopper  sparrows  and  dickcissels  were  found  only  on  the  graded  fescue 
site.  Apparent  absence  on  the  strike-off  sites  indicates  the  species  need  for  a  flat  to 
rolling  topography. 

When  diversity  and  abundance  of  small  mammals  and  birds  are  considered, 
woodland  edges  were  the  most  productive  habitats.  Karr  (1968)  found  breeding  bird 


181 


diversity  was  positively  correlated  with  foliage-height  diversity  on  a  surface-mined 
area  in  east  central  Illinois.  Chapman  et  al.  (1978)  noted  heterogeneity  of  vegetative 
cover  types  was  related  to  high  bird  populations  on  Virginia  contour  mines.  Curtis 
et  al.  (1978)  reported  multilayered  vegetation  structure  accelerated  bird  succession 
on  contour  mines  in  eastern  Tennessee.  Edge  effect  and  well  developed  vertical  strat¬ 
ification  of  the  vegetation  are  probable  reasons  for  high  bird  diversity  in  the  wood¬ 
land  edge  sites  we  examined.  In  regard  to  mammals,  69%  of  the  uncommonly 
captured  pine  voles  {Pitymys  pinetorum)  and  all  three  individuals  of  the  southeastern 
shrew  (Sorex  longirostris) ,  captured  at  a  Williamson  Country  site,  were  taken  in 
woodland  edge.  Because  it  is  difficult  to  capture,  this  shrew  species  is  probably  more 
common  than  trapping  results  indicate  (George  1977).  Southeastern  shrews  have 
also  been  taken  on  mined  lands  in  southern  Indiana  (Jones  1967). 

Woodland  interiors  were  generally  low  in  small  mammal  abundance  and  diver¬ 
sity  and  low  to  moderate  in  breeding  bird  diversity.  Most  birds  present  were  forest 
edge  rather  than  forest  interior  species,  a  result  shared  with  Brewer  (1958),  who 
studied  birds  on  surface  mines  in  Perry  County,  Illinois.  Age  of  sites,  interspersion 
of  different  habitat  types,  and  lack  of  the  mature  woodlands  interior  woodland 
species  inhabit,  contributed  to  the  observed  species  composition. 

Vegetation  development  was  satisfactory  on  sites  examined;  although  some 
unreclaimed  gob  and  slurry  deposits  were  present,  these  accounted  for  only  a  small 
proportion  of  the  total  area.  Tree  growth  and  survival  were  generally  good,  similar 
to  results  found  by  Kolar  and  Ashby  (1978)  in  state-wide  surveys  of  reclaimed  lands 
in  Illinois  and  Indiana.  The  significant  mortality  of  black  locust  in  their  and  our 
studies  had  a  beneficial  effect  by  opening  the  area  to  colonization  by  invading  species. 
Ashby  and  Kolar  (1977)  found  other  tree  species  planted  with  black  locust  or  in 
decadent  stands  grew  better  than  where  black  locust  was  not  planted. 

Several  aspects  of  habitat  on  the  surface-mined  area  occurred  in  localized  patches 
or  wetlands  not  intensively  studied;  many  reptiles  and  amphibians  were  associated 
with  these  areas.  An  example  of  habitat  suitability  pertains  to  the  six-lined  race- 
runner,  which  was  very  common  on  mined  lands  we  studied  but  was  previously 
unrecorded  in  Williamson  County  (Smith  1961,  Klimstra  and  Hutchison  1965). 

Terpening  et  al.  (1975)  provided  data  for  a  3,289-ha  unmined  area  immediately 
north  of  the  surface-mined  area  studied.  Comparisons  indicated  greater  small 
mammal  abundance  on  the  mined  area  of  our  study,  due  to  high  rodent  populations 
in  fescue  grassland.  Small  mammal  diversity  did  not  differ  between  mined  land, 
on  which  12  species  were  trapped,  and  unmined  land,  where  11  species  were 
captured.  Squirrels  (Sciuriis  spp.)  were  more  common  on  unmined  land,  where  there 
were  more  mast  bearing  and  denning  trees.  Bird  diversity  appeared  greater  on 
unmined  land,  possibly  because  of  the  presence  of  wooded  fencerows  and  different 
types  of  woodlands.  Open  country  forms  such  as  wintering  northern  harriers  {Circus 
cyaneus)  appeared  more  common  on  mined  lands. 

This  study  demonstrated  that  a  surface-mined  area  containing  a  variety  of 
habitats  can  support  a  diverse  array  of  wildlife.  Because  different  reclamation 
regimes  produce  different  habitats,  the  variety  of  wildlife  can  be  increased  by  diver¬ 
sifying  the  reclamation  within  a  given  mined  area.  Creation  of  several  cover  types 
results  in  additional  edge,  a  valuable  addition  to  wildlife  habitat  in  this  study.  Even 
though  certain  habitats,  such  as  woodlands,  may  be  limited  in  fauna,  their  edges 


182 


may  provide  excellent  habitat.  Flexibility  in  choice  of  cover  establishment  and 
development  of  wetlands  need  incorporation  into  reclamation  planning. 

Current  reclamation  usually  produces  large,  homogeneous  grass  or  grass-legume 
plantings  that  cannot  produce  the  diversity  characteristic  of  mined  or  unmined  lands 
containing  many  habitat  types.  The  value  of  pre-law  lands  as  wildlife  habitat  has 
been  demonstrated  (Yeager  1942;  Riley  1954,  1960;  Myers  and  Klimstra  1963;  previ¬ 
ously  cited  studies).  In  contrast,  current  practices  are  more  limited. 
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Table  1 .  Tree  and  shrub  characteristics  in  selected  habitats  on  surface-mined  land  in  the  Bankston  Fork  watershed,  1975 
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Table  2.  Small  mammal  captures  per  100  trap-nights,  species  richness  (S),  and  species  diversity  (H')  in  selected  habitats 
on  surface-mined  land  in  the  Bankston  Fork  watershed,  1975.  Nomenclature  according  to  Hoffmeister  and  Mohr 
(1957). 


185 


O  o 


T3 

4->  G 

52  a 
O  T3 

o  o 


a; 

c 

.1— ( 

pL, 


T3 

G 

03 

O 

O 


T3 

C 

oS 

O 

O 


OJ 

bJO 

"T3 

W 


T3 

O 


2 


T3 
<D  G 
3  03 

[Jh  ^ 

O 


<D  >-( 
o;  03 


on 

a; 

•  ^ 

o 

<D 

a 

c-n 


csl  00 

o  c<i 


o  o 


CO 


CO 

o 

+1 


r- 

c4 


CO 

CO  00 


o 

+1 


o 
^  +1 


o  o 


lO 

oi 


CO 

^  d 


o  oq 


+1 


lO 

cl 


d 


d 


cq 

d 


OD 

o 

•r.» 

too 


C3 

G 

Q  O 

a.  CO 

G  2 
^  a> 

V. 


O  CO 

lo  05  oq 

d  ^  d 
+1  +1 


oq 


o  o 


CO 

oq 


CO 

d 

+1 


CO 

oq 


00 

CD 

o 

aq 

d 

CD 

d 

+1 

d 

+1 

f— I 

d  d 


05  CO  ^ 

•  ♦  •  * 

o  o  o 


<3 

00 

lO 

oq 

00 

CO 

oq 

d 

CO 

d 

+1 

+1 

r-H 

+1 

CO 


CO 


CO 

d 


oq 


+1 


lO 

CO 


o  in 

lo  oq 

•  oq  • 

o  •  o 


+1 


+1 


.r: 

00 

00 

Tf  p-( 

o  ^ 

CD 

O 

t- 

no 

o 

no 

iO 

o 

d  d 

'  ^  d 

r-H 

1  * 

00 

1 

»— H 

'  oq 
oq 

+1 

d 

+1 

\l 

r-H 

d 

+1 

o  oq  CO  oq 
Tf  d  d  d 


oq 


CO 

d 


o 

d 


oq 

lO 


a 

3 

Q 

CJ 


O  cq 


3 


Co 

3 


K. 

"i-i 

CO 

CO 

3 


3 


Co 

3 


3 

3 

3 

3 


Co 

3 

a. 

a 

3 

3 

3 


Co 

CO 

3 


Co  Co 

3  3 
3  3 

CO  Co 

3^  3. 


a 

K. 


a 


3  3 


V- 
3 
s' 

3  Co 

a  ^ 
a  a 

"3  3^ 

a.  3 

3  rs 
CO  r»  ^ 

3^  a  Co 

Q 

3  r*  3 

3 

O 


3 

a 

3 

3 

•r.i 

PX 

CO 

3 


3 


H 

o 

o 


Co 

3 


Co 

3 

■«<» 

3 

3 

Co 

3 


Co 


CO 

0) 

1-1 

G 


3 
a 

^  a 

3  c3 

^  u 

Co  _ _ 

3  cc3 

^  -3 

Q  O 

N  H 


Z 

H 

o 

oo 

C/!) 


z 

H 

o 

oo 


Species  captured  in  pitfall  traps  but  not  in  snap  traps. 
’One  standard  error  of  the  mean. 


186 


c<o 

o  ™ 

c  .-ti 

03  ^ 
nj  03 
C  4:: 

-S 

<1^ 

ro  42 
__  o 

■g  a; 

O  00 


2  ^ 
c 

;h  3 
0 

•  ^ 

a;  a 

>  < 

(D  (D 
00  •*-> 
c« 

O  ^ 

«  -c 
3 

_>  ^ 


bX) 

'o 

ji: 

c 

>-l 

O 

c 

o3 

O 
•  1^ 
;-( 
<D 

£ 

< 


bJO 

C 

o 

o 

o 

03 

(D 

-M 

-i3 

'o 

C 

(K 

£ 

o 


cq 

00 


O 

>-  u 
n  ^ 

£ 

c 


oo 

0) 


T3 

00 

.£ 

'o 

a; 

a 

00 


O 

00  C 
T3  ^ 


X!  ^ 

^  oo 
C  oo 

•  ^  Qi 

c 

a;  - 

£ 

X 

00 
0) 


iz;  05 

f-H 

lO 

CD 

05  i: 

—I  o 

4-0 

X'  ^ 
T3  ^ 

05  O 

X  c 
^  05 

O  £ 

•J;;^  o 

^2 

o  1^ 

^  c 
c  o 
o 


03 

O 


00 


C 

03 

4-' 

;-4 

O 

a 


o 

0) 

a 

oo 


00 

X 
C 

«  ^ 
X  U 

.£  o 

"O  o 


oo 

05 


C 

03 


05 


'-4-4  ^ 

^  05 

05  O4 
05  00 


"O 

05 

c 


03 


bX) 


£ 
£  U 


C  "O 
U  05 

:2  ^ 

<  X 


05 

05 

o3 

04-4 

Ih 

O 

00 


G 

O 

G 

D 


CO 

J5 

X 

03 

H 


TJ 

0  iS 

X  T3 

O  O 


T3 

4-4  G 
03 

^  G4 
O  T3 

O  O 


T3 

G 

oS 

O 

O 


05 

G 

-1-4 

Qh 


T3 

G 

03  05 

X  ^ 
O  W 


o  E 


X 
05  G 
3  03 

Sn  ^ 
5<?  00 

03 

X  >-4 


O 


F-^  1-G 

05  >-i 

05  OJ 


00 

05 

-1-4 

o 

05 

a 

cy5 


CO 


X  CO  CM 


oq 


X 


00000000000 


Cvl 

o 


o 


cq 


I  * 


05  X 

*  .  .  I 

r-H  O 


cq  >—( 
o  o 


10 

o 


I— (  cq  cq 

-H  o  O 


cq 

o 


X 


r-H  ^  X 

000 


cq  10  X  X  X  X 

O  -H  o  o  o  o 


X  ^  X 

<0  cq"  cq’ 


X 


05 

•  * 

o 


o  o 


<d  o 


X 

•  * 

o 


I  * 


X  X 

*  •  •  * 

o  »—< 


X 


I  * 


05  ^ 
O  O 


I  * 


=c 

S 

G 

G 

G 

•<r4 


G 

G 

O 

■J 


^  G 
£ 

G  ^ 

CO  G 

G  "G 

5=  G 

“G  ^ 
O  ^ 


Co 

G 

G 

G 

G- 

•r>» 

Co 

G  ^ 
^  G 

G  G 
G. 

Co  O 


G 

CO 

•r4> 

V. 

G 


4>4> 


Co 

•r4 

CO 

G 

G 

G 

•r«4 

■—-i 

G 


Co 

G 

G 

G 

♦r»i 

G 

G 

G 

G 


G 

G 

G 

G 

G 

G 


Co 

•r4 

Co 

G 

G 

G 

•<44 

“««4 

G 

G 

G 


Co 

G 


•G  a 

G  C5 


G 

G 

G 

G> 


Co 

G 

rS  ^ 
f-G  ^  G 

44> 

G  G.  G 
G^  G  G 

h  - 

<G 


G 


Q  G 

CO 


G 

G 

G 

CO 

C/1 

G  ^ 


G 

•4-4 

CO 

G 

G 


G 

•44 

G  -G 
bX)  G 

G 

^  G 
G 


ONG,iC/50G4|f^G.(Qf~^^Q 


CO 

G 
G 

G 
G 

Co 

G 
G  .£ 

<55  ^ 

■+-4  53 

•£  u 


CO 

G 

G 

G 


G 

-G 

H4 

2 

G  O 
G  ^ 

2  ^ 
G 
G 


G 
G 
G 
G 
G> 

G 

G 

-2  G 
G  G  ^2 

Co  tv?  *44 

‘  s  ^ 

G,  IT* 


Co 

G 

C/5  0-4 


187 


o 


CO  m  CM  lo 
O  -H  O  00 


+1 


1> 

00 


CO 

cq 

o 

cq 

i-H 

00 

d 

+1 

cq 

+1 

o 

o:)  CD  ^  lo 


O  O  00 


+1 


00 


O  00 

lO  t— 

•  • 

Cd  .  O 
cq 


+1 


+1 


o 


00 


^  o:)  00 


o  o  CJ:) 


+1 


00 


+1 


oq 


o 

+1 


CO 


'TjH  00  oq 

o  cq  o 


CO 


cq 


lO 


i  00  05  lo  — I 

d 

+1  +1 


^  ^  d 

I— (  +1  1- 


cq 

cq 


i-^  i—H 

d  d  d 


CO  CO  cq  ^  o 
+1 


o  cq 

o  cq 


O  O  CD 


+1 


CO 

cq 


CO 

d 


t--  cq 
cq  d 


CO 


CO 


OO 

00 


CO 


O 

+1 


o 

CO 


^  CO  •  o  "  C  o 
+1  ^  ^ 


+1 


!>•  O 

(  05 


CO 


cq 


o 

d 


00 

cq 


a 


5- 

a 

c 

c 

o 

» 

a 

03 

03 

3 


a 

C5 


3 

3 


Cc 

-al 

"S  g 
a  ^ 

CO  < 


03 

3 

CJ 

S  0£) 

S  OD  ^ 

?x  3  ^ 

O  ^  5S 

r««.i  ^  ^ 

^  Soa 


3 

3 

03 

•r-ii 

3 

CS- 


3 


03 

3 


03 

3 

o  '3 
•S  -2 
3  O 


O 

-D 

e 

D 

O 

•2  g 
■s?  « 

•J-  TD 

•t:  c 
-S  ^ 

CO  Cj 

I  « 

a  o 
U  H 


c/3 

c 

o 

4-' 

o 

o 

c/3 

C 

03 

-t-' 

CO 


c/3 

c 

o 

Vh 


O 

0) 

c/3 

c 

03 

>-i 


lO 


K 


(/3 

3 

C/l 

C 

03 

O 

03 

C 

3 


l-H 

a, 

< 

03 

cc3 

cs 

tDX) 

_c 

3 

03 

O 

3 

->-> 

3 

JO 

•M 

«3 

4-' 

•  ^ 

-D 

03 

-C 

TO 

03 


03 

IS 

c« 

JO 

ll 

03 

JO 


JO 

o 

03 

03 


03 

JO 

CD 


-73 

C 

3 

IS 

"03 


IS 

"o 

X! 

C 

03 

D 

l-H 

3 

->-> 

t/3 

03 

a, 

03 

3 

o 

c/) 

D 


•  -3 
as  O 

03 

6  d 


03  D  X 
O  JO  D 

X 
3 


;-i 

D 

> 

O 

C3 

3 

3 


.3  O 

c 

.3  O 

i-i 

X 

^  D  « 

Jl  o 

3  03 

J3  X  c 

°  2  ^ 
c/5  ^  ^ 

,0^  "K  ■*^ 

O  03  "S 

"1^  c 
cod  ^ 

c/3  O  w 
™  -C  o 


A. 


Transactions  of  the  Illinois  Academy  of  Science 
(1986),  Volume  79,  3  and  4,  pp.  189-191 


FOUR  NEW  DRAGONFLY  RECORDS  IN 
ILLINOIS:  CORDULEGASTER  DIASTATOPS 
(Selys),  ERYTHRODIPLAX  CONNATA 
MINUSCULA  (Rambur),  CELITHEMIS 
VERNA  Pritchard,  CELITHEMIS 
MONOMELAENA  Williamson  (ODONATA: 
CORDULEGASTRIDAE,  LIBELLULIDAE) 


William  J.  Webb,  Everett  D.  Cashatt,  H.  David  Bohlen 

Zoology  Section 
Illinois  State  Museum 
Springfield,  Illinois  62706 


ABSTRACT 

Four  dragonfly  species  representing  new  Illinois  records  were  discovered  in  the 
entomology  collection  at  the  Illinois  State  Natural  History  Survey  in  Champaign, 
Illinois.  Cordulegaster  diastatops  (Selys),  Erythrodiplax  connata  minuscula 
(Rambur),  Celithemis  verna  Pritchard,  and  Celithemis  monomelaena  Williamson 
were  represented  by  single  adults. 

INTRODUCTION  AND  METHODS 

A  recent  examination  of  the  Anisoptera  in  the  entomology  collection  at  the  Illinois 
State  Natural  History  Survey  in  Champaign,  Illinois  revealed  specimens  of  four  species 
collected,  but  unreported  for  Illinois. 

The  following  specimens  were  examined,  measured,  and  identified  or  confirmed 
by  the  authors  using  keys  in  Carle  (1983),  Needham  and  Westfall  (1955),  Walker 
(1958),  and  Walker  and  Corbet  (1975).  Measurements  of  total  length  and  abdomen 
include  caudal  appendages  or  ovipositor. 
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NEW  RECORDS 

1.  Cordulegaster  diastatops  (Selys) 

LABEL  DATA:  Algonquin,  McHenry  Co.,  Illinois;  June  25,  1904;  collected 
by  W.A.  Nason;  female;  determined  by  William  J.  Webb,  1985. 
MEASUREMENTS:  Total  length,  62.5  mm;  abdomen,  46.5  mm;  hind 
wing,  42  mm. 

COMMENTS:  This  species  is  generally  distributed  throughout  the  north¬ 
eastern  United  States  and  southeastern  Canada  according  to  Carle  (1983). 

2.  Erythrodiplax  connate  minuscule  (Rambur) 

LABEL  DATA:  Champaign,  Champaign  Co.,  Illinois;  September  1,  1957; 
in  a  garden  at  510  S.  State  Street;  collected  by  Roger  S.  Gloyd;  male;  deter¬ 
mined  by  Leonora  K.  Gloyd,  1957. 

MEASUREMENTS:  Total  length,  27  mm;  abdomen,  17  mm;  hind  wing, 

19.5  mm. 

COMMENTS:  Bordering  states  with  records  of  this  species  are  Indiana  and 
Kentucky  (Montomery,  1967). 

3.  Celithemis  verna  Pritchard 

LABEL  DATA:  Ridge  Lake,  Fox  Ridge  State  Park,  Coles  Co.,  Illinois;  June 
26,  1964;  collected  by  George  W.  Bennett;  male;  determined  by  Leonora 
K.,  Gloyd,  1964. 

MEASUREMENTS:  Total  length,  36.5  mm;  abdomen,  24  mm;  hind  wing, 

26.5  mm. 

COMMENTS:  With  the  collection  data  was  the  following  observation: 
“Several  seen  between  9  and  10:00  am  but  none  in  the  pm.”  Needham  and 
Westfall  (1955)  recorded  this  species  for  Kentucky  and  noted  that  this  species 
is  “.  .  .difficult  to  capture,  for  it  kept  well  out  from  land  near  the  outer 
fringe  of  shore  vegetation  and  was  very  alert  and  active.”  Montgomery 
(1967)  records  this  species  for  Indiana  and  Kentucky.  Vogt  and  McPherson 
(1985)  report  its  presence  in  Missouri. 

4.  Celithemis  monomelaena  Williamson 

LABEL  DATA:  Ridge  Lake,  Eox  Ridge  State  Park,  Coles  Co.,  Illinois;  July 
1,  1965;  collected  by  George  W.  Bennett  and  H.W.  Adkins;  male;  deter¬ 
mined  by  Leonora  K.  Gloyd,  1965. 

MEASUREMENTS:  Total  length,  35  mm;  abdomen,  23.5  mm;  hind  wing 
with  tips  missing,  approximately  29  mm  (estimated). 

COMMENTS:  S.W.  Dunkle  (pers.  comm.)  in  Vogt  and  McPherson  (1985) 
mentions  the  possibility  that  this  species  is  conspecific  with  C.  fasciata  Kirby 
which  has  been  reported  for  Illinois  (Vogt  and  McPherson,  1985).  However, 
the  taxonomic  status  of  C.  monomelaena  is  unresolved  at  this  writing.  Gloyd 
noted  with  the  collection  data  that  this  specimen  was  a  state  record.  Border¬ 
ing  states  with  records  of  this  species  are  Wisconsin,  Indiana,  and  Missouri 
(Montgomery,  1967). 
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ABSTRACT 

A  study  of  the  zooplankton  populations  in  Pool  19,  Upper  Mississipi  River,  re¬ 
vealed  several  specimens  parasitized  by  the  sporozoan  Plistophora.  Only  one  species 
of  rotifer,  Brachionus  calyciflorus,  was  infected,  in  contrast  to  other  reports  which 
found  the  sporozoan  infecting  other  rotifer  taxa. 

INTRODUCTION 

Plankton  populations  in  freshwater  systems  are  influenced  by  both  environmental 
factors,  such  as  temperature,  and  biological  factors.  A  biological  factor,  parasitism, 
has  been  shown  to  affect  both  phytoplankton  and  zooplankton  populations.  Canter 
and  Lund  (1951)  reported  that  autumn  diatom  populations  of  Asterionella  forrnosa 
were  nearly  destroyed  by  the  fungus  Rhizophidium  planktonicum .  The  calanoid 
copepod  Boeckella  hamata  was  found  to  be  severely  infected  with  dinoflagellate 
parasites  (Burns,)  important  parasites  on  both  invertebrate  and  vertebrate  hosts. 

Most  studies  of  Plistophora  have  dealt  with  effects  on  insects,  although  some 
have  included  parasitism  in  fish  and  decapods.  Plistophora  is  an  important  parasite 
of  representatives  in  the  phylum  Rotifera  as  documented  by  Kofoid  (1908)  in  an 
extensive  study  of  the  Illinois  River.  Beach  (1960)  found  that  Polyarthra  euryptera 
was  frequently  infected  with  Plistophora,  and  Synchaeta  spp.  were  also  occasionally 
infected.  A  wide  variety  of  rotifers  including  Brachionus  calyciflorus,  B.  caquda- 
tus,  Platyias  patulus,  Polyarthra  sp.,  Synchaeta  pectinata,  S.  stylata,  and  Filinia 
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longiseta  were  found  to  be  infected  with  Plistophora  by  Hodgkinson  (1970).  This 
infection  can  become  severe,  as  shown  in  populations  of  the  rotifera  Conochilus 
unicornis  which  were  considerably  reduced  by  Plisotphora  (Ruttner,  1953).  This 
paper  reports  Plistophora  parasitism  as  noted  on  zooplankton  of  Pool  19,  Upper  Mis¬ 
sissippi  River  (Pillard,  1983). 

MATERIALS  AND  METHODS 

The  Upper  Mississippi  River  exhibits,  as  a  result  of  Locks  and  Dams,  a  series 
of  pools.  This  study  emphasized  Pool  19  which  extends  74.5  km  (46.3  river  miles) 
from  Lock  and  Dam  19.  Zooplankton  were  collected  approximately  monthly.  May 
1982  to  January  1983.  Samples  were  taken  with  paired  Wisconsin-style  plankton 
nets  (No.  20)  at  36  stations  located  on  8  transects  from  just  above  Lock  and  Dam 
19  to  below  Lock  and  Dam  18.  To  prevent  contraction  of  the  animals,  chloral 
hydrate  crystals  were  added  to  samples  in  the  field.  Samples  were  preserved  with 
10%  buffered  formalin.  Subsamples  were  examined  under  a  compound  microscope 
after  being  stained  with  Biebrich  Scarlet/Eosin  B. 


RESULTS  AND  DISCUSSION 

In  Pool  19  Plistophora  appears  to  be  parasitic  only  upon  the  rotifer  component 
of  the  zooplankton  community.  No  evidence  indicates  parasitism  on  the  other  major 
zooplankton  groups,  Copepoda  and  Cladocera,  even  though  Plistophora  has  been 
found  to  be  a  parasite  in  other  crustaceans  (Sprague,  1966).  Plistophora  infection 
of  rotifers  is  probably  most  common  in  riverine  systems  where  rotifers  are  usually 
the  dominant  zooplankton  group  and  crustaceans  are  typically  found  at  lower  densi¬ 
ties  (Hynes,  1970). 

Lack  of  Plistophora  host  specificity  has  been  found  in  some  insects  (Diptera: 
Chironomidae)  (Coste-Mathiez  and  Tuzet,  1977).  Non-specificity  also  appears  to  apply 
to  rotifers.  Although  several  rotifers  have  been  found  to  be  infected  by  the  protozoan 
(Table  1),  nevertheless,  some  species  appear  to  be  more  vulnerable  than  others.  Beach 
(1960)  noted  parasitism  only  in  Polyarthra  and  Synchaeta  and  Winner  (1975)  suggested 
these  rotifers  were  more  susceptible  than  other  species.  Of  the  21  species  of  rotifers 
collected  in  this  study  (Table  2),  only  Brachionus  calyciflorus  was  infected.  Polyar¬ 
thra  and  Synchaeta  were  present  but  occurred  infrequently  and  in  low  densities. 
Similarly  in  the  Ocqueoc  River  system  studied  by  Beach  (1960),  B.  calyciflorus  was 
rarely  found  and  not  infected.  Seemingly  Plistophora  more  often  infects  rotifer  taxa 
present  in  the  greatest  densities.  This  may  occur  because  the  protozoan  is  more  likely 
to  encounter  the  more  abundant  rotifer  taxa.  There  is  an  exception,  as  Beach  (1960) 
reported  that  K.  cochlearis  was  nearly  as  abundant  as  Polyarthra  and  more  abundant 
than  Synchaeta.  The  later  two  were  infected  while  K.  cochlearis  was  not.  Similarly, 
K.  cochlearis  appeared  often  in  this  study  but  was  never  infected.  Because  Keratella 
cochlearis  is  a  small  rotifer,  size  may  allow  it  to  escape  parasitism. 

If  negative  effects  exist,  of  the  parasitism  documented  they  are  probably  minor 
and  play  an  insignificant  role  compared  to  other  factors.  In  the  Mississippi  River  the 
absence  of  the  parasites  in  zooplankton  may  be  due  to  the  abrasiveness  of  the  heavy 
silt  load  in  the  river  column.  Slightly  higher  frequencies  of  occurrence  of  the  parasite 
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on  Brachionus  calyciflorm  were  observed  during  the  late  summer  when  water  clarity 
was  greater.  However,  winter  samples  showed  no  increase  in  frequency  in  spite  of 
increased  water  clarity,  but  low  temperatures  may  have  supressed  parasite  activity 
during  the  winter. 
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Table  1.  List  of  rotifers  reported  infeeted  by  Plistophora  (Protista;  Sporozoa) 


Rotifer 

Souree 

Brachiontis  calyciflorus 

Hodgkinson,  1970 
Pillard,  1983 

B.  caudatus 

Hodgkinson,  1970 

Conochilus  unicornus 

Ruttner,  1963 

Filinia  longiseta 

Hodgkinson,  1970 

Platyias  patulus 

Hodgkinson,  1970 

Polyarthra  euryptera 

Beaeh,  1960 

Polyarthra  sp. 

Hodgkinson,  1970 

Synchaetra  pectinata 

Hodgkinson,  1970 

S.  stylata 

Hodgkinson,  1970 

Synchaeta  spp. 

Beaeh,  1960 

Table  2.  Rotifer  taxa  eolleeted  from  Pool  19,  Mississippi  River  between  May  1982  and 
January  1983. 

Asplanchna  spp. 

Lecane  spp. 

Brachiontis  angularis 

Mniobia  spp. 

B.  calyciflorus 

Notholca  striata 

B.  caudatus 

Platyias  patulus 

B.  quadridentata 

P.  quadricornis 

Conochiloides  spp. 

Pyarthra  spp. 

Euchlanis  spp. 

Synchaeta  spp. 

Filia  longiseta 

Testudinella  spp. 

Kellicottia  longispina 

Trichoeerca  spp. 

Keratella  cochlearis 

K.  quadrata 

Trichotria  spp. 
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ABSTRACT 

Threadfin  shad  (Dorosoma  petenense)  and  gizzard  shad  (D.  cepedianum)  6-20 
mm  total  length  were  differentiated  by  total  myomere  number  within  specific  length 
intervals.  Over  the  entire  6-20  mm  range  in  length,  known  threadfin  and  gizzard 
shad  from  Rend  Lake,  Illinois,  had  ranges  in  myomere  numbers  of  40-46  and  46-54, 
respeetively.  Identification  of  all  larvae  was  possible  beeause  no  overlap  of  myomere 
numbers  oeeurred  between  species  within  1  mm  length  groups.  A  limited  number 
of  known  shad  larvae  from  northern  Illinois,  Colorado,  Florida,  and  California  were 
examined  to  determine  whether  threadfin  and  gizzard  shad  larvae  from  other  geo- 
graphie  loeations  eould  be  differentiated  using  the  eharaetisties  developed  from  Rend 
Lake  fish.  Although  the  range  of  total  myomeres  was  different  at  eaeh  loeation, 
the  values  were  within  the  ranges  developed  from  Rend  Lake  threadfin  and  gizzard 
shad. 

INTRODUCTION 

Gizzard  shad  (Dorosoma  cepedianum)  and  threadfin  shad  (D.  petenense)  often 
oeeur  sympatrically  in  reservoirs  and  rivers  of  the  United  States.  In  these  waters 
the  larvae  of  both  species  are  eommonly  captured  in  the  same  samples.  Difficulties 
and  ineonsisteneies  with  the  differentiation  of  larval  threadfin  and  gizzard  shad  have 
resulted  in  many  researehers  simply  grouping  the  two  species  into  a  single  category, 
Dorosoma  spp.  Combining  the  shad  larvae  has  led  to  the  loss  of  significant  informa- 


^Based  in  part  on  a  thesis  submitted  by  V.J.  Santucci,  Jr.,  in  partial  fulfillment  of  the  requirements  of 
the  Master  of  Arts  degree.  Southern  Illinois  University,  Carbondale,  Illinois  62901. 

“Present  address:  Illinois  Natural  History  Survey,  RR  #1  Box  233,  Charleston,  IL  61920. 
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tion  concerning  distributional  patterns  and  niche  requirements  of  the  individual 
species. 

Not  all  length  groups  of  shad  larvae  are  difficult  to  differentiate.  Larval  threadfin 
shad  and  gizzard  shad  (<6  mm  total  length  (TL)  )  are  separated  by  the  presence 
or  absence  of  eye  pigment  (Shelton  1972).  Larval  shad  (16-20  mm  TL)  can  be 
differentiated  by  vertebrae  number,  and  late  larval  threadfin  shad  can  be  distin¬ 
guished  from  gizzard  shad  by  anal  fin  ray  number  (Kersh,  1970;  Lippson  and  Moran, 
1974).  The  full  complement  of  anal  rays  is  formed  when  larvae  are  about  20  mm 
TL  (Hogue  et  al.,  1976).  An  accurate  method  of  differentiating  6-15  mm  shad  larvae 
is  not  obvious  from  the  literature.  Kersh  (1970)  reported  that  6-15  mm  threadfin 
and  gizzard  shad  from  Beaver  and  Bull  Shoals  Reservoirs  had  <40  and  >40  total 
myomeres,  respectively.  Shelton  (1972)  found  an  overlap  in  the  range  of  myomeres 
of  Lake  Texoma  gizzard  shad  (39-43)  and  threadfin  shad  (36-40).  In  a  review  of 
the  literature,  Heidinger  (1983)  reported  that  ranges  in  myomere  number  overlap 
for  shad  larvae  6-15  mm  in  length.  The  objective  of  the  present  study  was  to  develop 
a  method  to  consistently  differentiate  6-20  mm  threadfin  and  gizzard  shad  larvae. 

MATERIALS  AND  METHODS 

Shad  larvae  were  collected  from  Rend  Lake,  Illinois,  using  a  meter  net.  Differ¬ 
ences  in  the  temporal  occurrence  of  larvae  were  used  to  distinguish  between  threadfin 
and  gizzard  shad.  Larvae  collected  on  25  May  and  6  June  1983  were  considered  to 
be  gizzard  shad,  because  threadfin  shad  winterkill  in  Rend  Lake,  and  adults  were 
not  stocked  until  21  May  1983.  Thus,  the  length  of  time  required  for  spawning,  hatch, 
and  growth  of  larvae  precludes  the  presence  of  6mm  or  longer  threadfin  shad  in  the 
25  May  and  6  June  collections.  Shad  larvae  collected  in  September  1983  were 
considered  to  be  threadfin  shad  bacause:  1)  larvae  with  morphometric  characters  simi¬ 
lar  to  gizzard  shad  were  not  present  in  collections  made  after  15  August  1983;  2) 
gizzard  shad  have  one  predominant  spring  spawning  peak  (Bodola,  1966;  Taber,  1969; 
Shelton,  1972),  whereas  threadfin  shad  spawn  throughout  the  summer  and  fall  (Taber, 
1969;  Shelton,  1972;  Heidinger,  1977). 

Shad  from  meter  net  samples  were  immediately  preserved  in  10%  formalin.  In 
the  laboratory,  larval  shad  were  separated  from  plankton  and  debris  and  stored  in 
a  5%  buffered  formalin  solution.  To  eliminate  differences  in  morphometric  character¬ 
istics  based  on  fish  size,  6-20  mm  larvae  were  measured  to  the  nearest  millimeter 
and  meristic  counts  were  compared  between  species  for  1  mm  length  groups. 

Larvae  were  examined  using  polarized  light  microscopy.  Myomeres  were  counted 
according  to  Siefert  (1969).  The  most  anterior  myomere  counted  is  immediately 
posterior  to  the  occiput.  The  most  posterior  myomere  counted  is  completely  bordered 
posteriorly  by  a  myoseptum.  Incomplete  myosepta  were  often  observed  between  the 
last  complete  myoseptum  and  the  urostyle  of  both  threadfin  and  gizzard  shad. 

RESULTS  AND  DISCUSSION 

Larval  shad  6-20  mm  in  length  were  differentiated  by  total  myomere  number. 
Ranges  of  total  myomere  numbers  for  Rend  Lake  threadfin  and  gizzard  shad  were 
40-46  and  46-54  myomeres,  respectively  (Table  1).  Identification  of  all  larvae  was 
possible  because  no  overlap  of  myomere  numbers  occurred  between  species  within 
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1  mm  length  groups.  Previously,  identification  of  all  6-15  mm  shad  was  not  possible 
because  of  overlapping  ranges  in  myomere  number  (Heidinger,  1983). 

Vertebrae  number  has  been  used  to  identify  16-20  mm  shad  (Kersh,  1970);  how¬ 
ever,  the  results  of  this  study  indicate  that  myomere  number  can  be  used  to  differen¬ 
tiate  shad  larvae  up  to  22  mm  or  until  a  full  complement  of  anal  fin  rays  has  developed. 
Polarized  light  microscopy  provides  a  means  of  distinguishing  myomeres  without 
having  to  clear  and  stain  specimens  for  enumeration  of  vertebrae. 

A  summary  of  characteristics  which  distinguish  between  larval  threadfin  and 
gizzard  shad  is  given  in  Table  2.  The  myomere  numbers  for  Rend  Lake  shad  differ 
from  those  reported  in  previous  studies  (Kersh,  1970;  Shelton,  1972).  Disagreement 
between  studies  may  result  when  different  techniques  are  used  to  examine  and  enu¬ 
merate  myomeres.  Rend  Lake  larvae  were  examined  with  polarized  light  microscopy, 
whereas,  Shelton  (1972)  and  Kersh  (1970)  examined  clear  and  stained  specimens. 

Geographic  location  is  another  possible  source  of  variation  in  shad  myomere 
number.  Total  myomere  number  for  other  species,  freshwater  drum  (Aplodinotus 
grunniens),  river  carpsucker  (Carpiodes  carpio),  bluegill  (Lepomis  macrochirus),  and 
brook  silverside  (Labidesthes  sicculus)  varied  at  different  geographic  locations 
(Rasmussen,  1980;  Bosley  and  Conner,  1984).  Variation  in  serial  elements  may  be 
a  result  of  different  parental  stocks  and/or  differing  environmental  conditions  during 
larval  development.  Regardless  of  the  causes,  examination  of  larval  threadfin  and 
gizzard  shad  from  other  areas  of  the  country  was  necessary  to  determine  whether 
shad  larvae  from  other  geographic  locations  could  be  differentiated  using  the  charac¬ 
teristics  developed  from  Rend  Lake  fish. 

It  was  possible  to  obtain  a  limited  number  and  size  range  of  known  threadfin  or 
gizzard  shad  larvae  from  Florida,  California,  Colorado  and  northern  Illinois.  These 
larvae  were  examined  in  the  manner  previously  described  for  Rend  Lake  shad  larvae. 
Larval  gizzard  shad  from  northern  Illinois  and  Colorado  were  found  to  have  ranges 
in  total  myomere  numbers  from  48-53  and  47-52,  respectively  (Table  1).  Ranges  in 
myomere  number  for  Florida  and  California  threadfin  shad  were  39-44  and  38-45 
myomeres,  respectively.  Although  myomere  numbers  differed  between  geographic 
locations,  the  values  for  each  mm  length  group  were  within  the  ranges  from  Rend 
Lake  threadfin  and  gizzard  shad. 

ACKNOWLEDGMENTS 

The  authors  would  like  to  thank  Alice  Fusfeld,  Kenneth  Clodfelter,  John  Martin, 
David  Schnoor,  Paul  Shafland,  and  Charles  von  Geldern  for  supplying  shad  larvae 
from  areas  other  than  Rend  Lake,  Illinois.  Financial  assistance  and  the  use  of  equipment 
and  facilities  were  provided  by  the  Department  of  Zoology  and  the  Cooperative  Fish¬ 
eries  Research  Laboratory,  Southern  Illinois  University,  Carbondale,  Illinois. 


200 


LITERATURE  CITED 

Bodola,  A.  1966.  Life  history  of  the  gizzard  shad,  Dorosoma  cepedianum  (LeSueur)  in  western  Lake 
Erie.  United  States  Fish  and  Wildlife  Service  Fishery  Bulletin  65:391-425. 

Bosley,  T.B.  and  J.V.  Conner.  1984.  Geographic  and  temporal  variation  in  numbers  of  myomeres  in 
fish  larvae  from  the  lower  Mississippi  River.  Trans.  Am.  Fish.  Soc.  113:238-242. 

Heidinger,  R.C.  1983.  Life  history  of  the  gizzard  shad  and  threadfin  shad  as  it  relates  to  the  ecology 
of  small  lake  fisheries.  Proceedings  of  Small  Lakes  Management  Workshop.  Des  Moines,  Iowa. 

Heidinger,  R.C.  1977.  Potential  of  the  threadfin  shad  as  a  forage  fish  in  midwestern  power  cooling 
reservoirs.  Trans.  Ill.  St.  Acad.  Sci.  70:15-25. 

Hogue,  J.J.,  Jr.,  R.  Wallus,  and  L.K.  Kay.  1976.  Preliminary  guide  to  the  identification  of  larval  fishes 
in  the  Tennessee  River.  Tennessee  Valley  Authority,  Technical  Note  B19,  Norris,  Tennessee. 

Kersh,  G.M.,  Jr.  1970.  Growth  and  distribution  of  larval  and  early  juvenile  gizzard  shad  and  threadfin 
shad  in  Beaver  and  Bull  Shoals  Reservoirs.  Master’s  thesis.  University  of  Arkansas,  Fayetteville,  Arkansas. 

Lippson,  A.J.  and  R.L.  Moran.  1974.  Manual  for  the  identification  of  early  developmental  stages  for 
fishes  of  the  Potomac  River  estuary.  Martin  Marietta  Corporation,  Special  Publication  PPSP-MP-13, 
Baltimore,  Maryland. 

Rasmussen,  R.P.  1980.  Egg  and  larval  development  of  brook  silversides  from  the  Peach  River,  Florida. 
Trans.  Am.  Fish.  Soc.  109:407-416. 

Shelton,  W.L.  1972.  Comparative  reproductive  biology  of  the  gizzard  shad,  Dorosoma  cepedianum 
(LeSueur),  and  the  threadfin  shad,  D.  petenense  (Gunther),  in  Lake  Texoma,  Oklahoma.  Doctoral 
dissertation.  University  of  Oklahoma,  Norman,  Oklahoma. 

Siefert,  R.E.  1969.  Characteristics  for  separation  of  white  crappie  and  black  crappie  larvae.  Trans. 
Am.  Fish.  Soc.  98:326-328. 

Taber,  C.A.  1969.  The  distribution  and  identification  of  larval  fishes  in  the  Buncombe  Creek  arm  of 
Lake  Texoma  with  observations  on  spawning  habits  and  relative  abundance.  Doctoral  dissertation. 
University  of  Oklahoma,  Norman,  Oklahoma. 


201 


on 

C 

o 

•  I 

ctS 

o 

_o 

on 

3 

O 

•  ^ 
>-( 
cd 
> 


o 

>-l 

04-I 

on 

C 

•M 

o 


c 

(H 

>-l 

dJ 


(K 

> 

}-i 

-iS 

j:: 

on 


T3 

oj 

<D 

j:: 

T3 

C 

03 

't: 

oj 

on 

'TD 

i-i 

03 

N 

N 

*Cr>  ^ 

bX)  (D 

_1 _ I 

l-H 

o 


03 

4-1 

LTi 

<D  TJ 

0) 


-Q 

s 

c 

>-i 

D 

e 

o 


03 

4-' 

O 

H 


<v 

3 

03 

H 


c 

D 

0) 


3 

O 

-C 

b£) 

3 

O 

l-H 

j:: 


"O 

C5 

-C 


-o 

« 

D 

ka 

-C 

H 


.2 

‘c 

i-i 

o 

kti 

U 


ca 

"O 


<u 

03 

J 

T3 

C 

0) 

CC 


"O 

-C 

I/] 


03 

N 

N 

O 


O 

03 

03 

I-I 

O 

"o 

U 


0) 

k- 

o 

Z 


a> 

03 

hJ 

■03 

c 

(U 

CC 


■2  E 

l2  o 
H 


0) 

bc 

c 

03 

CC 


k-  ^3 
S  Hi 

E 

1  E 

2  2 

03 


03 

bc 

c 

03 

CC 


™  c 

c 

H  ° 


03 

•k^ 

o 

H 


k-  "O 

S3  03 

Jo  c 

'i 

03 

X 
03 


0) 

bc 

c 

03 

CC 


E 

3 

2 


-—  0) 


k.  TJ 
01  03 

E 

1  S 

2  2 
03 


03 


"C  ^ 
H  ° 


03 

bC 

C 

CC 

CC 


k,  "O 

a;  03 
JD  C 

i  2 


03 

I- 

"C  ^ 

CC  I- 

c 

H  ® 


03 

bC 

C 

03 

CC 


k- 

5  03 

-Q  C 


E 

3 

2 


2  I 

H  ° 
E 


03 

bc 

c 

CC 

CC 


k-  00 

a3  03 

-D  c 

S  E 

2  2 
03 


5^2 
J  1 


10 

Tf  TT 

I  I 
00 
CO 


C<I  (M 
Tf  '<^1 


o  in 

Csl 


<N 

I 

O 


(N 


00 

CO 


o 

Tf 


TfTfotiTt'TtirrotirtiTti 


CO  CO  CM 
'cf 


CO 

’'T 


CO  CO 

Tt<  Tf 


Tt 


Tt  Tf 

Tf  rr  Tf 


'cr 

Tf 


rr 


o 


-Hr-((M<M(MCOCOCMCOCMCO-^ 


00  03  03  03  03  O 

rr  10 


0000 


O  O  O  CJ3  03 


CM 


0'^ino3t^o3ooo3rrin<X)iO'-^ 


O  CM  ^  ^ 

in  m  m  m 

CO  CO 

Tt<  'Tf  Tjl  TT 


00  o 
in 


C33 


03  CJ3  O  O  O  O  -H 


(M  in  in  in  in 


CM 


incot^ooo30^cMco'irincor-ooo3^ 


o 

CM 


m 

I 

00 

CO 


CM 

Tt< 


CM 


TP 

CO 

CM 

Tp 

TT 

Tp 

TP 

TP 

0 

03 

03 

Tp 

03 

CO 

CO 

CO 

CM 

p— H 

fH 

TP 

Tp 

Tp 

Tp 

Tp 

CO 

00 

f-H 

i-H 

F-H 

CO 

CO 

in 

CO 

m 

in 

CO 

Tp 

Tp 

Tp 

Tp 

Tp 

Tp 

P-H 

f-H 

C3^ 

CM 

CM 

CO 

M* 

Tp 

Tp 

Tp 

Tp 

Tp 

Tp 

Tp 

Tp 

Tp 

TP 

Tp 

Tp 

Tp 

tP 

Tp 

Tp 

CO 

m 

m 

m 

Tp 

326 

CM 

CM 

CM 

CM 

CM 

03 

CM 

CM 

TP 

00 

in 

in 

Tp 

t^ 

Tp 

TP 

Tp 

00 

00 

03 

03 

Tp 

Tp 

Tp 

Tp 

CM 

CM 

in 

F— H 

f-H 

CO 

m 

CM 

in 

0 

m 

06 

m 

Tp 

0 

CM 

m 

in 

m 

in 

F^ 

CM 

F— H 

CM 

CM 

CM 

CM 

CM 

Tp 

in 

in 

in 

in 

in 

in 

0 

0 

0 

CO 

0 

CO 

m 

in 

in 

in 

in 

Tp 

F— H 

F-H 

in 

in 

in 

m 

in 

in 

m 

in 

in 

in 

in 

374 

(M 

CM 

CM 

CM 

CM 

cn 

_C 

•k^ 

b£) 

CO  c: 
< 


202 


Table  2.  Summary  of  characteristics  which  differentiate  gizzard  shad  and  thread- 
fin  shad  larvae  from  Rend  Lake,  Illinois. 


Characteristic 

Total  length(mm) 

Gizzard  shad 

Threadfin  shad 

Eye  pigmented"* 

3-5 

No 

Yes 

Total  myomeres 

6-7 

46-52 

43-45 

8-15 

47-54 

40-45 

16-22 

50-52 

41-46 

Anal  fin  rays'’ 

>22 

29-35 

17-27 

^From  Shelton  (1972) 

'’From  Lippson  and  Moran  (1974) 
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ROW  SPACINGS  ON  GROWTH  AND 
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ABSTRACT 

Proper  soybean  [Glycine  max  (L.)  Merr.]  seeding  rates  are  important  as  produc¬ 
tion  costs  and  lodging  may  be  increased  and  yields  reduced  by  seeding  at  excessive 
rates.  A  field  study  was  conducted  during  1982-84  to  determine  the  effects  of  different 
between  and  within  row  spacings  on  growth  and  production  of  the  soybean  cultivar 
Union.  Twin  row  soybeans  were  also  evaluated.  ‘Union’  soybeans  (Maturity  Group 
IV,  indeterminate)  were  grown  on  a  Stoy  soil  classified  as  a  fine-silty,  mixed,  mesic 
Aquic  Hapludalfs.  Four  between  row  spacings  (17.5,  35.0,  52.5,  and  70.0  cm)  and 
three  within  row  plant  spacings  (5,  10  and  15  cm)  were  employed.  Space  between 
paired  rows  in  the  twin  row  planting  method  was  17.5  cm  and  the  paired  rows 
were  spaced  52.5  cm  apart.  As  the  between  and  within  row  spacings  decreased, 
the  number  of  days  for  soybean  canopy  cover  decreased,  whereas,  soybean  lodging 
and  the  soybean  pod  height  from  the  soil  surface  increased.  At  the  5  cm  within-row 
spacing,  there  was  no  significant  difference  in  soybean  seed  yields  between  the  17.5 
and  70.0  cm  row  widths.  However,  at  the  10  and  15  cm  within-row-spacings,  soy¬ 
bean  seed  yields  at  the  between-row-spacing  of  17.5  cm  averaged  25%  and  22% 
higher  than  the  70  cm  row  width  over  a  three  year  period.  The  twin  row  planting 
method  showed  a  yield  advantage  over  the  70  cm  between  row  spacing  at  both  the 
10  and  15  cm  within-row-spacing.  In  this  study,  there  was  a  yield  advantage  of 
planting  ‘Union’  soybeans  in  narrow  rows  when  within-row-spacing  was  greater 
than  5  cm  between  plants. 


INTRODUCTION 

Soybeans  [Glycine  max  (L.)  Merr.]  have  the  ability  to  make  adjustments  to  dif¬ 
ferent  within  and  between  row  spacings.  However,  yields  may  vary  with  different 
row  spacings,  cultivars,  management  practices,  and  environmental  conditions.  In 
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narrow  rows,  soybean  yields  have  generally  been  higher  (Bouquet,  1982;  Cooper 
1977;  Costa  et  ah,  1980;  Doss  and  Thurlow,  1974;  Hicks  et  ah,  1969;  Mangold  and 
Barnes,  1983;  Parks  et  al.  1982;  Shaw  and  Weber,  1967;  and  Taylor,  1980).  Several 
advantages  of  narrow  rows  or  solid  seeding  have  been  reported.  If  water  and 
nutrients  are  in  adequate  supply,  then  solar  radiation  becomes  a  limiting  factor  in 
production.  One  of  the  objectives  of  changing  plant  arrangements  is  to  improve 
light  interception  (Shaw  and  Weber,  1967).  Plants  in  wider  rows  usually  accumulate 
their  leaf  area  index  (LAI)  at  a  slower  rate  than  plants  in  narrow  rows  (Weber  et 
al.,  1966).  In  addition  to  improvement  in  light  interception,  (Timmons  et  al.,  1967) 
showed  that  the  best  water  use  efficiency  was  obtained  in  20  cm  rows.  Decreasing 
the  inter  and  intra-  row  spacing  generally  results  in  increased  plant  height  (Cooper, 
1971;  Dunphy  et  al.,  1966;  Hicks  et  al.  1969;  Johnson  and  Harris,  1967;  and  Reiss 
and  Sherwood,  1965). 

Because  lodging,  especially  early  lodging,  is  detrimental  to  yield  (Cooper,  1971; 
Hicks  et  al.,  1969;  Timmons  et  al.,  1967;  Weber  et  al.,  1966;  and  Woods  and 
Swearingin,  1977),  some  research  studies  in  some  years  do  not  show  a  yield  advantage 
for  narrow  rows  over  conventional  rows  (Cooper,  1971;  Cooper,  1977;  Hicks  et  al., 
1969;  Shibles  et  al.,  1975;  and  Woods  and  Swearingen,  1977).  The  potential  yield 
advantage  of  the  narrow  row  system  over  the  conventional  width  row  system  may 
be  minimized  or  eliminated  under  nitrogen  stress  (Cooper  and  Jeffers,  1984).  Late 
season  moisture  stress  (Taylor,  1980),  lodging  (Cooper,  1971),  or  other  nutrient  stress 
may  also  reduce  soybean  yield  response  to  the  narrow  row  system. 

Cooper,  1977  and  Dominguez  and  Hume,  1978  observed  that  soybean  lodging, 
plant  height  and  lowest  pod  height  increased  with  increasing  plant  population, 
whereas,  plant  maturity,  branching  and  pod  number  per  plant  decreased. 

The  multiple  effects  of  planting  patterns  on  the  soybean  plant  are  cultivar  depend¬ 
ent.  According  to  Doss  and  Thurlow,  (1974),  average  yields  were  influenced  more 
by  cultivar  or  irrigation  than  by  row  width  or  population. 

Weed  control,  either  chemical  or  mechanical,  may  be  more  effective  in  narrow 
rows  because  the  control  needs  to  effective  for  only  a  short  period  of  time  before  the 
soybean  canopy  provides  a  dense  shade  (Dunphy,  1965). 

The  quest  for  higher  yields  has  renewed  interest  in  twin  row  planting  (Mangold 
and  Barnes,  1983).  With  the  twin  row  method  of  planting,  mechanical  cultivation 
as  well  as  herbicides  and  shading  pressure  from  the  crop  can  be  used  to  help  control 
weeds. 

The  objective  of  this  study  was  to  determine  the  effects  of  different  between  and 
within  row  spacings  on  the  growth  and  production  of  the  soybean  cultivar  Union. 
Twin  row  soybeans  were  also  evaluated. 

MATERIALS  AND  METHODS 

This  experiment  was  conducted  at  the  Cooperative  (Southern  Illinois  Univ.  -  Univ. 
of  Illinois)  Agronomy  Research  Center  in  Carbondale,  II.  (38°  latitude,  89°  longitude) 
during  1982-84,  using  the  soybean  cultivar  Union.  This  cultivar  belongs  to  Maturity 
Group  IV  and  is  determinate.  The  soil  was  a  Stoy,  classified  as  a  fine-silty,  mixed 
mesic  Aquic  Hapludalfs.  The  experimental  area  was  fertilized  according  to  soil  test 
recommendations.  Herbicides  used  were  pendimethalin  (N-l-ethylpropyl-3-4 
dimethyl-2,6  dinitrobenzeamine)  applied  at  the  rate  of  2.3  L  ha~^  and  linuron 
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(3-(3-4-dichlorophenyl)-l-Methoxy-l-methylurea)  at  the  rate  of  1.7  L  ha~h  Weed 
eontrol  was  supplemented  by  hand  hoeing. 

‘Union’  soybeans  were  planted  on  8  June  1982,  15  June  1983  and  31  May  1984 
using  four  between  row  spaeings  (17.5,  35.0,  52.5,  and  70  em)  and  three  within  row 
plant  spaeings  (5,  10,  and  15  cm).  Space  between  paired  rows  in  the  twin  row  plant¬ 
ing  method  used  in  1983  and  1984  was  17.5  cm  and  the  paired  rows  were  spaced 
52.5  cm  apart.  Spaeings  within  each  twin  row  were  5,  10,  and  15  cm.  Soybeans  were 
planted  at  high  seeding  rates  using  a  grain  drill  and  then  thinned  back  by  hand  to 
the  proper  plant  densities  when  soybean  plants  were  about  8  cm  tall. 

Each  plot  was  4  m  x  5  m.  The  experiment  was  arranged  factorially  in  a  random¬ 
ized  complete  block  design  with  four  replicates. 

The  following  parameters  were  evaluated  for  each  of  the  soybean  treatments: 

1.  Canopy  cover  was  evaluated  visually  and  was  considered  as  being  complete 
when  the  tips  of  leaves  of  adjacent  rows  within  each  plot  were  touching.  Days 
to  canopy  cover  were  calculated  from  the  time  of  planting. 

2.  Pod  height  was  measured  in  cm  from  the  surface  of  the  soil  to  the  bottom 
of  the  lowest  pod  of  ten  plants  selected  at  random  from  the  center  of  each 
plot  at  full  maturity  (R8). 

3.  Plant  height  was  measured  as  the  average  height  of  ten  plants  selected  at 
random  from  the  center  of  each  plot  at  full  maturity  (R8).  Measurements  were 
taken  from  the  ground  level  to  the  tip  of  the  main  stem  and  expressed  in  cm. 

4.  Plant  lodging  was  recorded  at  maturity  (R8).  Lodging  was  rated  visually  0-5: 
no  lodging  =  0;  all  plants  lodged  =  5. 

5.  Seed  yield  was  expressed  in  kg  ha“^  after  the  seed  moisture  content  was 
adjusted  to  13  percent. 

Harvesting  was  done  with  a  small  plot  soybean  combine.  The  length  of  the  plots 
harvested  was  4  m. 

Data  were  analyzed  statistically  using  an  analysis  of  variance  and  significant  means 
were  compared  by  the  Least  Significant  Difference  (LSD)  Test. 


RESULTS  AND  DISCUSSION 

The  monthly  rainfall  during  the  1982-84  growing  season  is  presented  in  Table 
I .  The  growth  and  production  of  soybeans  were  influenced  by  varying  between  and 
within  row  spaeings.  In  1982  and  1983,  there  was  a  highly  significant  interaction 
between  within-row-spacing  and  between-row-spacings  on  the  number  of  days  to 
soybean  canopy  cover  (Table  2).  In  all  three  years,  days  to  canopy  cover  tended  to 
be  less  with  decreasing  within  and  between  row  spaeings.  The  earliest  canopy  cover 
occurred  only  22  days  after  planting  in  1984.  Canopy  cover  was  earlier  in  the  twin 
rows  than  in  the  70  cm  between  row  spacing  both  years  it  was  tested.  Early  canopy 
cover  is  highly  desirable  since  herbicides  or  mechanical  weed  control  measures  need 
to  be  effective  for  a  shorter  period  of  time  before  the  canopy  cover  provides  sufficient 
shade  to  limit  weed  growth.  Early  canopy  cover ’can  also  reduce  the  amount  of  soil 
moisture  lost  by  evaporation  and  is  an  important  factor  in  the  reduction  of  possible 
soil  erosion. 

In  1982,  as  between  row  spacing  and  within  row  spacing  decreased,  height  of 
the  lowest  soybean  pod  from  the  soil  surface  increased  (Table  3).  In  1983  and  1984, 
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as  the  between  row  spacing  decreased,  height  of  the  lowest  soybean  pod  from  the 
soil  surface  increased.  The  height  of  the  lowest  pod  from  the  soil  surface  also  tended 
to  increase.  The  height  of  the  lowest  pod  from  the  soil  surface  also  tended  to  increase 
with  decreasing  within  row  spacing  in  1984.  Taller  plants  observed  in  the  narrower 
and  closer  within  row  spacing  were  attributed  to  competition  for  light  and  space  (Table 
4).  This  incresed  plant  height  may  have  also  resulted  in  increased  pod  height  from 
the  soil  surface. 

The  soybean  pod  height  from  the  soil  surface  was  higher  in  the  twin  rows  than 
in  the  70  cm  between  row  spacing.  The  amount  of  soybean  seed  lost  during  combine 
harvest  may  be  reduced  as  a  result  of  higher  soybean  pod  height  from  the  soil  surface. 

In  1982,  soybean  plant  lodging  increased  as  within  and  between  row  spacings 
decreased  (Table  5).  No  plant  lodging  occurred  in  1983  due  to  shorter  soybean  plants 
resulting  from  less  precipitation  (Table  1).  In  1984,  lodging  occurred  only  at  the 
narrowest  between  row  spacing  (17.5  cm)  and  in  the  twin  rows.  Lodging  was 
attributable  to  taller  weaker  stemmed  soybean  plants  due  to  competition  for  light. 
Plants  with  thinner  stems  were  more  vulnerable  to  lodging  by  wind.  Potential  seed 
yield  increased  from  narrower  row  spacing  could  possibly  be  offset  by  greater  early 
lodging  which  can  reduce  seed  set. 

As  between  row  spacings  decreased  in  1982,  soybean  seed  yields  increased  signifi¬ 
cantly  except  at  the  narrower  row  width  (17.5  cm)  and  highest  plant  population  (5 
cm  between  plants)  where  severe  lodging  reduced  potential  yields  (Tables  5  and  6). 
There  were  not  significant  differences  in  soybean  seed  yields  among  the  various  row 
spacings  in  1983  probably  as  a  result  of  the  low  precipitation  during  the  growing 
season  which  also  resulted  in  average  yields  less  than  half  of  the  other  two  years 
(Cooper  and  Jeffers,  1984).  In  1984,  soybean  seed  yields  increased  as  between  row 
spacings  decreased.  Soybean  seed  yields  tended  to  increase  percentagewise  as  between 
row  spacings  decreased  from  70  to  17.5  cm  in  the  10  and  15  cm  within-row-spacings. 
During  1982-84,  soybean  seed  yield  with  the  10  cm  within-row-spacing  at  17.5  cm 
between  rows  was  25%  higher  than  in  the  70  cm  row  width.  A  22%  average  yield 
advantage  occurred  over  the  three  period  when  the  between  row  width  was  reduced 
from  70  to  17.5  cm  using  the  within  row  spacing  of  15  cm.  However,  there  was  no 
notable  difference  in  soybean  seed  yield  between  the  17.5  and  70  cm  between  row 
widths  at  the  5  cm  within-row-spacing.  This  study  indicated  that  soybean  seed  yields 
of  the  cv.  Union  generally  increased  with  narrower  within  row  widths  using  10  or 
15  cm  within-row-spacing  but  not  at  the  5  cm  within-row-spacing. 

The  twin  rows  generally  did  not  show  any  yield  advantage  over  the  between- 
row-spacing  of  70  cm  or  the  narrower  between-row-spacings  at  the  5  cm  within- 
row-spacing.  The  twin  rows  did  show  a  yield  advantage  over  the  70  cm  between- 
row-spacing  at  the  10  and  15  cm  within-row-spacing  but  no  yield  advantage  over 
the  narrower  between-row-spacing.  The  twin  rows  had  a  yield  advantage  over  the 
70  cm  between-row-spacing  at  the  10  and  15  cm  within-row-spacing  but  not  over 
the  narrower  between-row-spacings. 
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Table  1.  Monthly  rainfall  from  April-Sept.  1982-1984  at  Carbondale,  Ill. 


_ Deviation _ 

Month  Normal  1982  1983  1984 


cm 


April 

10.7 

-5.3 

+  20.1 

-2.8 

May 

11.7 

+  3.3 

+  5.3 

-5.1 

June 

10.2 

-1.8 

-4.3 

-1.8 

July 

8.9 

-1.5 

-6.6 

-2.8 

August 

8.9 

-2.3 

-3.6 

+  0.2 

September 

8.9 

-2.0 

-5.8 

+  10.2 
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Table  2.  Effects  of  between  and  within  row  spacings  on  the  number  of  days  for  soy¬ 
bean  canopy  cover  1982-84. 


Between 

Row 

Within  Row  Spacing  (cm 

) 

Spacing 

5  10  15  Mean 

5  10  15  Mean 

5  10  15  Mean 

1982 

1983 

1984 

cm 

- - Days - 

17.5 

24  27  31  27 

26  29  32  29 

22  22  23  22 

35.0 

36  36  38  37 

33  37  41  37 

33  34  34  34 

52.5 

40  45  47  44 

58  58  62  59 

44  45  45  45 

70.0 

50  56  61  56 

78  78  81  79 

63  64  64  64 

Twin  Row 

-  -  -  - 

43  43  46  44 

45  44  46  45 

Mean 

38  41  44 

48  49  52 

41  42  42 

Statistical  significance: 

Between  Row 

♦  * 

*  * 

*  * 

Spacing 

Within  Row 
Spacing 

Between  Row 

*  * 

*  ♦ 

*  * 

Spacing  x 

Within  Row 

Spacing 

*  * 

*  * 

NS 

Between  Row 
Spacing  LSD 

0.5 

Within  Row 
Spacing  LSD 

Between  Row 

0.4 

Spacing  x 

Within  Row 

Spacing  LSD 

3 

2 

CV  (%) 

4.3 

2.7 

1.5 

* *Significant  at  the  0.01  level.  NS  =  not  significant  at  the  0.05  level. 
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Table  3. 


Effects  of  between  and  within  row  spacings  on  the  lowest  soybean  pod 
height  from  the  soil  surface  1982-84. 


Between 

Row 

Spacing 

Within  Row  Spacing  ( 

cm) 

5  10  15  Mean 

5  10  15  Mean 

5  10  15  Mean 

1982 

1983 

1984 

cm 

- Days  — 

17.5 

24  25  25  24 

23  22  23  23 

23  25  18  22 

35.0 

25  19  10  18 

17  15  16  16 

13  15  15  14 

52.5 

10  11  8  10 

16  16  15  16 

15  18  10  14 

70.0 

14  9  7  10 

13  13  12  13 

18  15  13  15 

Twin  Row 

-  -  -  - 

26  25  26  26 

20  18  15  18 

Mean 

18  16  13 

19  18  18 

18  18  14 

Statistical  significance: 

Between  Row 

* 

*  * 

*  * 

Spacing 

Within  Row 

*  * 

*  * 

*  * 

Spacing 

Between  Row 

Spacing  x 

Within  Row 

Spacing 

*  * 

NS 

NS 

Between  Row 

Spacing  LSD 

1.5 

1.1 

Within  Row 

Spacing  LSD 

0.8 

Between  Row 

Spacing  x 

Within  Row 

Spacing  LSD 

2.5 

CV  (%) 

18.7 

9.8 

19.1 

**Significant  at  the  0.01  level.  NS  =  not  significant  at  the  0.05  level. 
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Table  4. 


Effects  of  between  and  within  row  spacings  on  soybean  plant  heights  at 
maturity  1982-84. 


Between 

Row 

Spacing 


Within  Row  Spacing  (cm) 


5  10  15  Mean 


5  10  15  Mean 


5  10  15  Mean 


1982 


1983 


1984 


cm 

- cm - 

17.5 

101  102  104  103 

68  69  66  68 

79  84  72  78 

35.0 

107  100 

88 

98 

60  61  59  60 

70  77  84  77 

52.5 

99  89 

86 

91 

50  50  48  49 

75  78  74  75 

70.0 

93  87 

79 

86 

67  62  64  64 

87  83  84  84 

Twin  Row 

- 

- 

- 

66  62  61  63 

86  89  94  89 

Mean 

100  95 

89 

62  61  60 

79  81  82 

Statistical  significance: 

Between  Row 

*  * 

*  * 

*  * 

Spacing 

Within  Row 
Spacing 

Between  Row 

*  * 

*  * 

NS 

Spacing  x 

Within  Row 

Spacing 

NS 

*  * 

NS 

Between  Row 
Spacing  LSD^ 

5 

6 

Within  Row 
Spacing  LSD 

Between  Row 
Spacing  x 

Within  Row 
Spacing  LSD 

5 

2.5 

• 

CV  (%) 

6.9 

2.9 

9.1 

*  *  * 


Significant  at  the  0.05  and  0.01  levels,  respectively 
NS  =  not  significant  at  the  0.05  level. 

Fisher’s  LSD,  P  =  0.05. 
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Table  5.  Effects  of  between  and  within  row  spacings  on  soybean  plant  lodging 
1982-84. 


Between 

Row 

Spacing 

Within  Row  Spacing  ( 

cm) 

5  10  15  Mean 

5  10  15  Mean 

5  10  15  Mean 

1982 

1983 

1984 

cm 

— -  Lodging  Rating  +  . . 

17.5 

4.1  2.3  1.9  2.8 

1.0  1.0  1.0  1.0 

1.9  3.1  1.8  2.3 

35.0 

3.2  1.4  1.0  1.9 

1.0  1.0  1.0  1.0 

1.0  1.0  1.0  1.0 

52.5 

2.1  1.1  1.0  1.4 

1.0  1.0  1.0  1.0 

1.0  1.0  1.0  1.0 

70.0 

2.1  1.1  1.0  1.4 

1.0  1.0  1.0  1.0 

1.0  1.0  1.0  1.0 

Twin  Row 

-  -  -  - 

1.0  1.0  1.0  1.0 

2.9  1.9  1.0  1.9 

Mean 

2.8  1.5  1.2 

1.0  1.0  1.0  1.0 

1.6  1.6  1.2  - 

Statistical  significance: 

Between  Row 

*  * 

>tc  4; 

*  * 

Spacing 

Within  Row 

*  * 

*  * 

*  * 

Spacing 

Between  Row 

Spacing  x 

Within  Row 

Spacing 

*  * 

NS 

NS 

Between  Row 

Spacing  LSD 

0.6 

Between  Row 

Spacing  x 

Within  Row 

Spacing  LSD 

0.7 

CV  (%) 

24.5 

46.1 

+  Lodging  rated  visually  0-5;  no  lodging  =  0;  all  plants  lodged  =  5. 

*  “Significant  at  the  0.01  level.  NS  =  not  significant  at  the  0.05  level. 
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Table  6.  Effects  of  between  and  within  row  spacings  on  soybean  yields  1982-84. 


Between 

Row  _ Within  Row  Spacing  (cm) _ 

Spacing  5  10  15  Mean  5  10  15  Mean  5  10  15  Mean 

1982  1983  1984 

cm  - kg  ha~  ^ - 

17.5  2537  2602  2660  2600  1255  1423  1230  1303  3161  3251  3053  3155 

35.0  2873  2595  2356  2608  1407  1122  1136  1222  2725  3007  2895  2876 

52.5  2499  2383  2219  2367  1266  1307  1136  1236  3045  3245  2739  3010 

70.0  2553  2254  1911  2239  1263  1107  1089  1153  3106  2465  2637  2736 

Twin  Row  -  -  -  -  2398  1188  1230  1239  3083  2764  3039  2962 

Mean  2616  2459  2287  1298  1229  1164  3024  2946  2873 

Statistical  significance: 

Between  Row  **  NS  ** 

Spacing 

Within  Row  NS  NS  NS 

Spacing 

Between  Row 
Spacing  x 
Within  Row 

Spacing  NS  NS  * 

Between  Row 
Spacing  LSD  321 

Between  Row 
Spacing  x 
Within  Row 

Spacing  LSD  406 

CV  (%) _ lao _ 16^5 _ _ 

*,**Significant  at  the  0.05  and  0.01  level,  respectively.  NS  =  not  significant  at  the  0.05  level. 
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ABSTRACT 

Twelve  Chianina  cross  (CC)  steers,  17  Angus  cross  (AC)steers,  and  17  Holstein 
(HOL)  steers  were  individually  fed  a  90  %  concentrate  diet  from  a  mean  postweaning 
age  of  217  d  to  an  estimated  rib  fat  thickness  of  10.2  mm  to  determine  postweaning 
finishing  efficiency.  Two  steers  of  each  biological  type  were  slaughtered  on  day  1 
of  the  trial.  Rib  sections  were  made  from  the  carcasses  of  initial  and  terminal 
slaughter  steers  and  determinations  for  bone,  fat,  and  protein  were  made.  Initial 
frame  score  for  the  AC  steers  (4.2)  was  significantly  less  than  for  either  the  CC  steers 
(6.9)  or  the  HOL  steers  (8.1).  Final  weight  of  the  AC  steers  (405  kg)  was  signifi¬ 
cantly  lighter  than  either  the  HOL  steers  (456  kg)  or  the  CC  steers  (489  kg).  The 
AC  steers  achieved  10.2  mm  rib  fat  thickness  in  significantly  less  time  (74  d)  than 
did  the  CC  steers  (127  d).  Even  after  211  d  on  feed,  the  HOL  steers  had  less  than 
10.2  mm  rib  fat,  but  were  slaughtered  as  their  weight  nor  initial  frame  score  was 
not  different  (P<.05)  than  the  CC  steers.  No  significant  differences  in  protein  con¬ 
tent  of  the  longissimus  muscle  between  steer  types  were  observed  between  initial 
and  terminal  slaughter  steers.  The  HOL  steers  had  significantly  more  bone  at  slaugh¬ 
ter  than  either  the  AC  or  CC  steers.  Percentage  fat  at  terminal  slaughter  was  different 
(P<.05)  between  all  3  biological  types  being  22.07,  19.22,  and  16.72  for  AC,  CC, 
and  HOL  steers,  respectively.  Both  the  AC  and  CC  steers  had  significantly  higher 
average  daily  gain  than  the  HOL  steers.  Average  daily  feed  intakes  were  different 
(P<.05)  between  all  3  steer  types  being  10.26,  9.20,  and  7.97  kg  for  CC,  AC,  and 
HOL  steers,  respectively.  Feed  required  per  unit  of  lean  carcass  weight  gain  was 
different  (P<.05)  between  all  3  steer  types.  The  HOL  steers  required  more  (P<.05) 
feed  per  unit  increase  in  rib  fat  than  either  the  AC  or  CC  steers.  This  study  indi¬ 
cates  that  medium-frame  AC  sters  are  more  efficient  than  large-frame  CC  steers 
and  that  HOL  steers  are  less  efficient  than  medium-frame  AC  or  large-frame  CC 
steers. 
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INTRODUCTION 

There  is  considerable  debate  today  in  the  beef  industry  regarding  optimum  cattle 
size  and  economic  efficiency.  Many  cattle  feeders  have  the  opinion  that  cattle  can 
have  too  large  a  frame  to  be  economically  profitable.  These  cattlemen  believe  that 
because  cattle  are  larger  in  frame  they  have  a  higher  energy  requirement  for  main¬ 
tenance  and  therefore,  inefficient  feed  to  gain  ratios.  Other  cattlemen  oppose  small¬ 
er  medium-frame  cattle  because  they  mature  too  quickly  and  become  too  fat  before 
reaching  the  desired  market  weight,  therefore,  resulting  in  lower  net  dollar  returns. 

Kleiber  (1975)  demonstrated  the  theory  that  all  animals  have  the  same  efficiency 
of  production  (calories  of  body  tissue  produced  per  calorie  of  feed  intake)  when  taken 
to  the  same  composition  end  point  (ratio  of  body  lean  to  body  fat). 

Totusek  (1981)  suggests  that  when  steers  of  different  frame  sizes  are  marketed 
at  the  same  carcass  grade,  there  are  no  differences  in  efficiencies  of  production  (cost 
per  kg  of  gain).  Crickenberger  and  Black  (1976)  noted  that  larger-frame  cattle  may 
be  less  efficient  than  medium-frame  cattle  because  they  have  higher  daily  main¬ 
tenance  feed  costs.  In  a  separate  study,  Crickenberger  et  al.  (1978)  observed  only 
small  differences  in  energetic  efficiency  between  the  beef  breeds  or  crossbreds,  but 
they  found  Holsteins  to  be  less  efficient  than  beef  breeds.  However,  Thonney  et 
al.  (1981)  observed  that  Holstein  cattle  grew  faster  and  more  efficiently  than  small¬ 
framed  Angus  cattle  when  compared  at  the  same  weight. 

To  accurately  compare  frame  sizes  and  breeds  of  cattle  for  economic  advantage 
in  the  feedlot;  rate  of  gain,  energetic  efficiency  and  carcass  traits  among  types  should 
be  examined  when  cattle  care  fed  to  similar  carcass  composition.  These  data  are  needed 
to  characterize  changes  in  growth  rate  and  feed  efficiency  of  cattle  of  varying  biological 
types.  This  research  was  conducted  to  study  the  post- weaning  finishing  efficiency  of 
three  biological  types  of  cattle:  large-frame  Chianina  cross  steers,  medium-frame 
Angus  cross  steers,  and  Holstein  steers. 


MATERIALS  AND  METHODS 

The  steers  in  this  study  originated  from  the  Illinois  State  University  beef  and  dairy 
herds.  The  dams  of  both  the  CC  and  AC  steers  were  mature  6-  to  8-yr  old  cows  of 
small  to  medium  frame  consisting  of  Angus-Hereford  ancestry.  The  CC  steers  were 
sired  by  one  full  blood  Chianina  bull  representative  of  cattle  of  large  mature  size. 
The  AC  steers  were  sired  by  two  purebred  Angus  bulls  representative  of  cattle  of 
medium  frame  size.  The  beef  steers  were  born  during  a  60-day  calving  interval  and 
were  reared  on  their  dams  in  confinement  pens  until  weaning.  The  beef  steers  were 
fed  a  creep  feed  (diet  1)  ad  libitum  from  birth  through  weaning  until  trial  initiation 
(table  1).  The  Holstein  steers  were  separated  from  their  dams  at  3  days  of  age  and 
reared  in  individual  stalls  on  milk  replacer  until  two  months  of  age.  At  two  months 
of  age  the  HOL  steers  were  placed  in  one  confinement  pen  and  fed  diet  1,  ad  libitum, 
until  trial  initiation.  No  record  of  feed  consumption  was  kept  until  trial  initiation. 

Immediately  following  weaning  of  the  beef  calves,  12  large  frame  steers  of 
Chianina  x  Angus-Hereford  breeding,  17  medium  frame  steers  of  Angus  x  Angus- 
Hereford  breeding,  and  17  Holstein  steers  were  selected  for  this  study.  Two  steers 
of  each  biological  type  were  randomly  selected  for  slaughter  and  carcass  evaluation 
while  the  remaining  steers  were  randomly  allotted  (within  biological  type)  to  one 
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of  three  pens  (table  2).  Each  pen  contained  a  Model  4000B  pin-pointer  (Rhea,  1979) 
capable  or  recording  individual  feed  consumption.  Each  pen  was  partially  covered, 
contained  a  concrete  floor,  and  was  bedded  with  corn  stalks. 

All  steers  were  fed  diet  1  during  the  first  week  of  the  trial  and  were  then  abruptly 
switched  to  diet  2  which  was  fed  until  slaughter.  All  cattle  were  implanted^  on  day 
1  of  the  trial.  Initial  and  final  weights  for  all  cattle  were  obtained  by  averaging  the 
weights  of  the  cattle  taken  on  two  successive  days.  Intermediate  weights  were  taken 
every  28  days.  At  the  same  time  initial  weights  were  taken,  the  steers  were  measured 
for  hip  height  and  corresponding  frame  scores  were  assigned  using  the  Eller  classifica¬ 
tion  system  (1979). 

Rib  fat  thickness  measurements  were  taken  initially  and  every  28  days  therafter 
with  a  Cook’s  Probe.  As  each  individual  steer  approached  10.2  mm  rib  fat  thickness, 
rib  fat  was  measured  weekly.  Each  steer  was  slaughtered  at  an  estimated  10.2  mm 
rib  fat  thickness.  At  slaughter,  steers  were  weighed  and  then  hauled  8.1  km  to  a  pri¬ 
vately  owned  packing  house.  Warm  carcass  weights  and  dressing  percentages  were 
recorded.  Following  a  48  h  chill  at  2  C,  the  right  side  of  each  carcass  was  ribbed 
between  the  12th  and  13th  ribs. 

Thirty  minutes  after  ribbing  the  carcass  was  scored  for  marbling  so  that  appropriate 
USDA  quality  grades  could  be  assigned  (USDA,  1978).  Rib  fat  thickness  and  rib  eye 
size  were  also  measured.  Percent  kidney,  heart,  and  pelvic  fat  was  estimated  for  yield 
grade  determination.  The  right  side  9-10-1 1th  rib  sections  and  the  right  side  12th 
rib  sections  were  individually  wrapped  in  3  layers  of  polyethylene,  frozen  at  -  18 
C  for  a  minimum  of  30  days,  and  retained  for  later  analysis. 

Right  side  12th  rib  sections  were  retained  for  Warner-Bratzler  (W-B)  shear  force 
tests.  Steaks  2.5  cm  thick  were  cut  from  the  12th  rib  section  and  thawed  at  4  C  for 
24  h.  Steaks  were  then  broiled  on  a  Farber-Ware  Open-Hearth  broiler  to  an  internal 
temperature  of  70  C  (Cross  et  al.,  1978).  Steaks  for  W-B  shear  were  cooled  for  12 
h  to  20  C  and  four  cores,  2.5  cm  in  diameter,  were  taken.  Each  core  was  sheared 
twice  and  the  values  were  averaged.  Cooking  loss  was  calculated  as  the  percent  weight 
loss  between  the  initial  frozen  steak  and  the  final  cooked  steak  after  12  h  cooling  at 
20  C. 

The  9-10-1 1th  rib  sections  were  thawed  for  48  h  at  4  C  and  separated  into  soft 
tissue  and  bone.  Soft  tissue  samples  were  ground  three  times,  thoroughtly  mixed,  and 
subsampled  in  duplicate.  Subsamples  were  chemically  analyzed  for  fat,  protein,  and 
water  (AOAC,  1975).  Carcass  chemical  composition  was  estimated  from  9-10-1 1th 
rib  composition  using  prediction  equations  derived  by  Hankins  and  Howe  (1946). 

Two  calves  of  each  biological  type  were  selected  at  random  for  slaughter  on  day 
1  of  the  trial.  The  dressing  percentages  and  initial  carcass  compositions  of  these  calves 
were  used  to  estimate  initial  carcass  weights  and  compositions  of  each  biological  steer 
type. 

Least  squares  analysis  (Neter  and  Wasserman,  1978)  was  calculated  for  an  incom¬ 
plete  block  design.  Pens  served  as  blocks,  cattle  types  served  as  treatments,  and  indi¬ 
vidual  steers  were  replicates.  Pearson  product-moment  correlations  measuring  the 
strength  of  relationship  between  two  varibles  (Nie  et  al.  1975)  were  calculated  between 
days  on  feed  postweaning  and  feed  to  gain  (F:G)  ratios,  feed  to  lean  carcass  weight 
gain  ratios  and  feed  to  unit  change  in  rib  fat  ratios. 


^Compudose®,  Eli  Lilly  and  Co.,  Indianapolis,  IN 
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RESULTS  AND  DISCUSSION 

The  mean  age  across  cattle  type  was  217  ±  4  d.  Initial  weight  did  differ  (P<.05) 
between  all  3  steer  types,  as  shown  in  table  3  with  CC  steers  being  heaviest  and  HOL 
steers  lightest.  The  CC  and  HOL  steers  had  an  initial  frame  score  of  6.9  and  8.1, 
respectively,  which  is  representative  of  large  frame,  late  maturing  cattle  (Eller,  1979). 
The  AC  steers  had  a  smaller  (P<.05)  initial  frame  score  of  4.2  which  is  typical  of 
medium  frame  cattle  with  a  moderate  growth  curve.  Initial  rib  fat  estimates  were 
also  different  (P<.05)  between  the  three  steer  types  with  the  AC  steers  being  the  fattest. 
The  initial  AC  steers  also  contained  3.2  percent  more  carcass  fat  than  the  initial  CC 
steers.  Cianzio  et  al.  (1982)  also  observed  carcasses  of  smaller  steers  to  contain  approxi¬ 
mately  3%  more  fat  than  did  those  of  the  larger  steers.  This  difference  in  carcass 
fat  content  was  maintained  throughout  the  trial.  While  both  the  AC  and  CC  steers 
increased  in  carcass  fat  content,  the  AC  steers  contained  approximately  3%  more 
carcass  fat  at  slaughter  (table  5).  While  the  final  carcass  fat  content  was  higher  (P<.05) 
for  AC  steers  than  CC  steers,  the  final  rib  fat  measurements  were  not  different  (P<.05). 
This  data  suggests  that  AC  steers  had  a  higher  initial  percentage  of  subcutaneous  fat 
that  remained  more  constant  during  the  finishing  period.  Therefore,  the  increased 
contribution  of  subcutaneous  fat  to  total  fat  in  the  CC  steers  could  reflect  differences 
in  time  of  onset  of  fatterning  between  the  two  cattle  types.  Cianzio  et  al.  (1982) 
observed  similar  changes  between  small  frame  cattle  and  large  frame  cattle.  The  data 
of  these  two  studies  suggest  that  large  frame  cattle  which  should  include  the  CC  steers 
of  this  study  fatten  at  a  later  age. 

As  shown  in  table  6,  AC  steers  reached  an  estimated  10.2  mm  rib  fat  thickness 
after  74  days  on  feed,  but  the  CC  steers  required  a  significantly  longer  127  d.  Though 
this  trial  was  designed  for  all  steers,  regardless  of  cattle  type,  to  be  slaughtered  at 
10.2  mm  rib  fat,  the  HOL  steers  after  reaching  417  d  of  age  still  had  not  reached 
this  fat  end  point.  Since  at  417  d  of  age  the  live  weights  of  the  HOL  steers  were  not 
different  (P<.05)  from  the  live  slaughter  weights  of  the  CC  steers  (table  5)  and  since 
there  were  no  differences  (P<.05)  in  the  initial  frame  score  measurements  between 
the  CC  and  HOL  steers,  the  decision  was  made  to  slaughter  the  HOL  steers. 

While  the  AC  steers  reached  the  terminal  rib  fat  thickness  in  fewer  days  (P<.05) 
and  at  lighter  weights  (P<.05)  than  the  CC  steers,  the  AC  and  CC  steers  had  similar 
quality  grades.  Because  of  the  young  age  at  slaughter  and  narrow  range  in  age  of 
the  steers  in  this  study,  we  were  unable  to  determine  the  age  or  weight  at  which 
marbling  deposition  occurs  between  these  two  cattle  types. 

W-B  shear  values  and  cooking  loss  percentages  were  similar  (P<.05)  between  all 
cattle  types  (table  5).  The  W-B  shear  values  were  particularly  low  reflecting  the  tender¬ 
ness  of  the  meat  and  the  young  ages  at  which  these  steers  were  slaughtered.  Mill  ward 
and  Waterlow  (1978)  observed  protein  synthesis  rate  to  be  elevated  during  rapid 
growth  of  laboratory  animals  and  this  may  be  true  for  cattle  as  well.  Under  these 
conditions,  newly  synthesized  collagen  should  represent  a  greater  proportion  of  the 
total  muscle  collagen.  Newly  synthesized  collagen  contains  fewer  intermolecular  cross¬ 
links,  resulting  in  less  stable  collagen  fibers  with  higher  soluability  (McClain,  1976). 
Hill  (1966)  showed  that  high  collagen  solubility  contributes  to  increased  meat 
tenderness. 

As  shown  in  table  5,  final  carcass  protein  content  did  not  differ  (P<.05)  between 
cattle  types.  HOL  steers  had  more  (P<.05)  final  bone  than  either  AC  or  CC  steers. 
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Final  carcass  fat  content  was  different  (P<.05)  for  all  3  breeds  with  AC  steers  being 
the  fattest  and  HOL  steers  the  leanest.  Consequently,  lean  careass  weights  differed 
(P<.05)  between  eattle  types  with  CC  steers  having  the  greatest  lean  eareass  weight 
and  AC  steers  the  least  lean  eareass  weight.  Differenees  in  lean  eareass  weights  between 
cattle  types  are  most  likely  a  refleetion  of  the  heavier  live  weights,  correspondingly 
heavier  eareass  weights,  and  the  lower  eareass  fat  eontents  at  slaughter  of  the  CC 
steers  and  HOL  steers  compared  to  the  AC  steers. 

No  differenees  (P<.05)  were  observed  in  average  daily  gain  during  the  finishing 
period  or  in  weight  per  day  of  age  at  slaughter  between  the  AC  and  CC  steers  (table 
6).  This  data  is  similar  to  the  observation  of  Cianzio  et  al.  (1982)  between  small  frame 
cattle  and  large  frame  eattle  and  may  suggest  that  the  differenees  in  live  weight  at 
slaughter  were  determined  at  an  earlier  age  (before  217  d).  Similarly,  Maino  et  al. 
(1981)  observed  post  weaning  average  daily  gain  differenees  due  to  frame  size  to  be 
small  and  insignifieant  when  eomparing  eross  bred  cattle  of  frame  scores  3,  4  and  5. 

CC  steers  eonsumed  significantly  more  feed  per  day  during  the  finishing  period 
than  did  AC  steers.  AC  steers  had  higher  (P<.05)  daily  feed  intakes  than  did  HOL 
steers.  This  data  somewhat  disagrees  with  the  observation  of  Thonney  et  al.  (1981) 
in  which  they  observed  Holstein  steers  to  eat  .76  kg  per  day  more  dry  matter  than 
Angus  steers.  This  difference  might  be  aecounted  for  in  that  Thonney  et  al.  eom- 
pared  Holstein  steers  to  small  frame  Angus  steers  and  this  study  eompared  Holstein 
steers  to  medium  frame  Angus  steers. 

AC  steers  required  less  feed  (P<.05)  per  kilogram  of  live  weight  gain  than  did 
either  CC  steers  or  HOL  steers  (table  7).  These  data  support  the  findings  of  Cundiff 
et  al.  (1981)  where  breed  groups  reaehing  the  small  degree  of  marbling  in  the  fewest 
days  and  requiring  the  least  NEm  tended  to  be  the  most  effieient.  In  this  study  steers 
were  taken  to  a  eonstant  rib  fat  thiekness  rather  than  to  a  small  degree  of  marbling, 
but  AC  steers  required  fewer  days  (P<.05)  post- weaning  to  reaeh  10.2  mm  rib  fat 
thiekness.  Signifieant  differenees  between  all  three  eattle  types  were  observed  in  feed 
consumed  per  kilogram  of  lean  eareass  weight  gain  with  the  AC  steers  eonsuming 
the  least  and  the  HOL  steers  eonsuming  the  most.  Though  no  difference  (P<.05)  in 
feed  eonsumed  per  unit  ehange  in  rib  fat  was  observed  between  AC  steers  and  CC 
steers,  both  eonsumed  less  (P<.05)  feed  per  unit  ehange  in  rib  fat  than  did  HOL  steers. 
Crickenberger  et  al.  (1978)  found  that  Holstein  steers  fed  to  the  same  ehemical  fatness 
as  beef  eattle  were  less  energetieally  efficient  than  beef  types  and  that  Chianina  cross¬ 
breds  were  less  effieient  than  Angus.  They  suggested  that  as  eareass  fatness  increased, 
energetic  efficiency  also  increased.  Ayala  (1974)  has  shown  that  Holsteins  have  higher 
maintenanee  energy  requirements  per  unit  of  metabolie  weight  than  Angus  steers. 
Since  AC  steers  contained  more  (P<.05)  eareass  fat  at  slaughter  than  did  CC  steers 
and  both  AC  steers  and  CC  steers  contained  more  (P<.05)  eareass  fat  at  slaughter 
than  did  HOL  steers,  this  study  would  support  those  observations. 

Correlation  between  rib  fat  probe  and  aetual  rib  fat  measurement  (table  8)  was 
highly  significant  (r  =  .77).  The  simple  correlations  between  the  fat  probe  measure¬ 
ment  and  eareass  fat  thickness  was  highly  signifieant  (r  =  .77).  The  finding  supports 
that  of  Williams  and  Bailey  (1984)  who  observed  the  correlation  to  be  highly  signifieant 
at  r  =  .81. 

Table  9  presents  eorrelations  between  number  of  days  on  feed  postweaning  and 
feed  to  live  weight  gain  ratio,  feed  to  lean  eareass  weight  gain  ratio,  and  feed  to  unit 
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change  in  rib  fat  ratio.  Significant  positive  eorrelations  were  only  observed  between 
number  of  postweaning  days  on  feed  and  feed  to  lean  carcass  weight  gain  ratio,  sug¬ 
gesting  that  regardless  of  the  relationship  between  body  fat  composition  and  ener¬ 
getic  efficiency,  the  length  of  time  on  feed  may  be  more  elosely  related  to  feed 
effieiency.  Therefore,  it  is  important  to  know  the  number  of  days  required  for  a  specific 
weight  gain  or  a  specifie  rib  fat  thickness  in  order  to  determine  eeonomic  efficieney 
and  production  profitability  for  feedlot  cattle  during  a  postweaning  finishing  period. 
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Table  1.  Composition  and  analysis  of  the  diets^"*’. 


Item 

Amount 

Diet  1 

Ingredient 

Corn  (IFN  4-02-935),  % 

54.4 

Alfalfa  hay  (IFN  1-00-068),  % 

25.3 

Soybean  meal  (IFN  5-04-600),  % 

20.3 

Analysis 

Dry  matter,  % 

88.9 

Crude  protein,  % 

16.1 

Calcium,  % 

.70 

Phosphorus,  % 

.36 

Metabolizable  energy  Mcal/kg 

2.87 

Diet  2 

Ingredient 

Corn  (IFN  4-02-935),  % 

69.5 

Corn  cobs  (IFN  1-02-782),  % 

10.2 

Soybean  meal  (IFN  5-04-600),  % 

20.3 

Analysis 

Dry  matter,  % 

88.6 

Crude  protein,  % 

14.1 

Calcium,  % 

.09 

Phosphorus,  % 

.34 

Metabolizable  energy  Mcal/kg 

3.00 

“Expressed  on  a  dry  matter  basis. 

^’In  addition  to  each  diet  a  mineral  mixture  consisting  of  equal  parts  limestone  (IFN  6-02-632)  and  a 
commercial  mineral  supplement  containing  19%  calcium  and  18%  phosphorus  was  provided  free  choice. 
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Table  2.  Experimental  design^. 


Cattle  type 

Pen  1 

Pen  2  Pen  3 

Number  of  Steers 

Chianina  cross 

5 

5 

Angus  cross 

5 

5  5 

Holstein 

5 

5  5 

Total 

15 

15  10 

^In  addition,  two  steers  of  each  biological  type 

were  slaughtered  on  day  1  of  the  trial. 

Table  3.  Starting 

weights,  ages,  frame 

;  scores 

and  rib  fat  probes. 

Weight, 

Age, 

Erame 

Rib  fat  probe. 

Cattle  type 

kg 

d 

score 

mm 

Chianina  cross 

336^^ 

227 

6.9^^ 

4.8^ 

Angus  cross 

SOS'* 

222 

4.2>> 

e.g” 

Holstein 

242^ 

206 

8.H 

1.5^ 

Mean 

290 

217 

6.5 

4.1 

SE 

9.1 

4.0 

.4 

.4 

a,b,c,Means  within  a  column  with  a  different  superscrip  differ  (P<.05). 

Table  4.  Carcass  composition  of  initial  slaughter  steers. 

Rib  fat 

Dressing  percentage 

Moisture 

Cattle  type 

mm  SD 

% 

SD 

% 

SD 

Chianina  cross 

4.50  .10 

57.3 

.75 

66.1 

.75 

Angus  cross 

6.25  .20 

54.3 

.04 

66.5 

3.30 

Holstein 

1.25  .16 

46.2 

1.10 

68.2 

2.75 

Protein  Bone 

Fat  Lean  carcass  weight 

%  SD  % 

SD 

%  SD 

kg 

SD 

Chianina  cross 

19.7  60  17. C 

1  3.3 

9.4  .7 

126.5 

14.3 

Angus  cross 

18.9  .40  14.0 

1  .4 

12.6  .5 

95.5 

17.4 

Holstein  cross 

19.2  .05  23.8 

i  3.5 

5.5  .1 

53.1 

4.8 

Table  5.  Final  carcass  composition. 
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Table  6.  Performance  of  different  steer  types. 


Cattle  Type 

Slaughter 
age  d 

Days 

Fed 

ADG*^ 

kg 

WDA' 

kg 

ADF« 

kg 

Change  in 
rib  fat 

mm 

LWG'’ 

kg-d-' 

Chianina  Cross 

354'-‘' 

1271k. 

1.21'’ 

1.39'’ 

10.26'>‘' 

4.6'’" 

.61'’ 

Angus  Cross 

296“^ 

74ac 

1.3F 

1.37“ 

9.20“" 

3.0" 

.66“ 

Holstein 

417“'> 

211“'’ 

o 

o 

1.10“'’ 

7.97“'’ 

3.1'’ 

.43“'’ 

Mean 

356 

139 

1.17 

1.27 

9.00 

3.4 

.56 

SE 

8.9 

10.0 

.04 

.03 

.23 

.03 

.02 

a.h.c'N^eans  within  a  column  with  a  different  superscript  differ  (P<.05). 
^'Average  daily  gain  (ADG). 

*^Weight  per  day  of  age  (WDA). 

^Average  daily  feed  intake  (ADF). 

’“Lean  carcass  weight  gain  (LWG). 


Table  7.  Feed  efficiency  of  different  steer  types. 


Cattle  Type 

Feed  to  live 
weight  gain 
kg/kg 

Feed  to  lean 
carcass  weight 
gain  kg/kg 

Feed  to  unit 
change  in  rib 
fat  kg/mm 

Chianina  Cross 

8.73“ 

16.41“ 

282.8“ 

Angus  Cross 

7.19'’ 

14.31'’ 

227.0“ 

Holstein 

8.24“ 

18.82" 

538.0'’ 

Mean 

7.97 

16.70 

357.6 

SE 

.23 

.47 

24.5 

a.l),c\/jean.s  within  a  eolumn  with  different  superscripts  differ  (P<.05). 
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Table  8.  Correlations  of  rib  fat  probes  and  actual  rib  fat  measurements. 


Initial 

Actual 

Final 

Actual 

probe 

measurement 

probe 

measurement  Correlation 

Cattle  Type 

mm 

mm 

mm 

mm 

(r) 

Chianina  Cross 

4.8 

4.8 

9.4 

9.4 

.61** 

Angus  Cross 

6.8 

6.9 

10.0 

9.9 

.68** 

Holstein 

1.3 

1.5 

4.6 

4.6 

.78** 

Mean 

7.9 

7.9 

.77** 

SE 

.53 

.54 

♦'^P<.01 

Table  9.  Simple  correlations  (r)  between  days  on  feed  and  F:G  ratio,  feed  to  lean 

carcass 

weight  gain  ratio,  and  feed  to  unit  change  in 

rib  fat  ratio. 

Feed  to  Lean 

Feed  to  Unit 

Carcass  Weight 

Change  to  Rib 

Cattle  Type 

F:G  ratio 

Gain  Ratio 

Fat  Ratio 

Chianina  Cross 

—  .39 

.58 

.56 

Angus  Cross 

.05 

.72** 

.38 

Holstein 

—  .60 

.77** 

.12 

Mean 

.15 

.97** 

.07 

*  *P<.01 
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ABSTRACT 

Growth  of  axenic  cultures  of  Tetrahymena  furgasoni  W  is  known  to  be  inhibited 
by  the  heavy  metal  ions  of  cadmium,  chromium  and  copper.  This  study  was  conducted 
to  determine  whether  the  concentration  of  organic  matter  in  the  growth  medium 
could  significantly  alter  the  toxicity  of  these  metals.  The  media  used  herein  were 
enriched  proteose  peptone  (Dobra  et  al.,  1980)  and  proteose  peptone  in  a  phosphate 
buffer  (Bergquist  &  Bovee  1976).  Each  medium  was  used  both  full  strength  and  diluted 
1:10.  Results  obtained  indicate  that  for  each  metal  tested,  inhibition  of  growth  by 
the  metal  is  greatest  in  the  most  dilute  media  and  the  least  in  the  most  concentrated 
media.  Populations  that  had  reduced  population  growth  parameters  also  had  an 
increased  mean  number  of  contractile  vacuole  pores. 

INTRODUCTION 

It  is  generally  accepted  that  heavy  metal  toxicity  in  axenic  cultures  of  ciliate  proto¬ 
zoans  is  caused  by  the  presence  of  the  free  ions  in  the  supporting  medium  (Bovee 
et  al.,  1979).  However,  Ramamoorthy  and  Kushner  (1975)  established  that  certain 
toxic,  heavy-metal  ions  {e.g.,  Cd,^^,  Cu  +  ^)  bind  to  specific  microbiological  medium 
components,  including  those  containing  proteose  peptone  and  yeast  extract.  Although 
there  are  numerous  reports  in  the  literature  of  the  toxic  effects  of  metal  ions  on  proto- 

*Author  to  whom  reprint  requests  should  be  addressed. 

“This  investigation  was  supported  by  the  committee  on  organized  research  at  Northeastern  Illinois 
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zoans  (Nyberg,  1974;  Nyberg  &  Bishop  1983;  Nyberg  &  Bogar  1986;  Tingle  et  al., 
1973;  Hutner,  1964;  Dunlop  &  Chapman,  1981;  Persoone  &  Dive  1978),  little  effort 
has  been  expended  to  date  in  determining  the  effect  of  the  growth  medium  on  the 
availability  of  these  ions.  As  a  consequence,  the  relative  toxicity  of  bound  versus  free 
ions  is  still  debated. 

In  addition,  wide  ranges  in  the  concentrations  of  organic  nutrients  in  media  are 
noted  in  the  literature.  Some  studies  used  strongly  fortified  nutrient  media  (Bergquist, 
1974;  Bovee,  1975),  whereas  others  have  used  only  distilled  water  as  the  agent  deliv¬ 
ering  the  dose  (Carter  &  Cameron,  1973).  Thus,  to  compare  the  toxicity  data  among 
the  studies  that  have  been  done  in  these  various  media  will  require  more  knowledge 
of  the  effects  of  the  organic  materials  on  heavy  metal  toxicity. 

This  study  was  undertaken  to  determine  the  effects  of  the  ions  of  the  heavy  metals 
cadmium,  copper,  and  chromium  (administered  as  chromate)  on  the  ciliate  protozoan, 
Tetrahymena  furgasoni  W  when  these  toxic  heavy  metal  ions  were  administered  in 
varying  concentrations  of  the  supporting  proteose  peptone-based  media  that  are 
commonly  used  with  Tetrahymena. 

Because  the  number  and  position  of  the  contractile  vacuole  pores  (CVPs)  are 
important  taxonomic  characters,  (Nanney  1967;  Frankel  1972),  it  is  useful  to  know 
if  the  number  of  CVPs  remains  stable  under  environmental  stress.  This  investigation 
also  includes  some  preliminary  information  on  the  use  of  the  number  of  cortical  con¬ 
tractile  vacuole  pores  (CVPs)  as  a  possible  cytological  indicator  of  the  metal-induced 
cytotoxic  stress. 


MATERIALS  AND  METHODS 

Tetrahymena  furgasoni  W  (formerly  T.  pyriformis  W)  was  obtained  from  C.F. 
Ehret  at  Argonne  National  Laboratory,  Argonne,  II.  The  nutrient  medium  selected 
for  growing  the  control  culture  was  enriched  proteose  peptone  (EPP)  (Dobra  et  al. , 
1980).  Eor  toxicity  testing,  EPP  was  prepared  and  used  either  full  strength  or  as  a 
1:10  dilution  (0.2  %  EPP).  All  other  media  containing  proteose  peptone  (PP)  were 
based  on  the  medium  of  Sims  (Bergquist  &  Bovee,  1976).  These  latter  media  con¬ 
tained  0.1%  dibasic  sodium  phosphate  and  0.1%  sodium  citrate.  Proteose  peptone 
was  added  to  make  final  medium  concentrations  of  2%,  1%,  0.2%  and  0.1%  PP. 
All  dissolved  media  were  autoclaved  at  121°  C  for  15  minutes  at  15  psi  in  100  ml 
aliquots  in  250  ml  Erlenmeyer  flasks.  The  trace  metals  that  were  tested  were  supplied 
as  cadmium  chloride  (CdClJ,  copper  chloride  (CuCl,)  and  potassium  chromate 
(K,CrO_j).  Solutions  were  prepared  to  produce  stock  concentrations  of  1000,  500, 
and  100  mg/L  cadmium;  10,000,  1000  and  100  mg/L  chromium,  and  100,000,  10,000 
and  1000  mg/L  copper.  Two  to  three  drops  of  concentrated  HCl  were  added  to  the 
most  concentrated  copper  solution  to  facilitate  dissolution.  This  had  no  significant 
effect  on  the  pH  of  the  final  solution.  These  stocks  were  autoclaved  (15  psi  for  15 
min,  121°  C),  and  the  same  sterile  solutions  were  used  for  the  duration  of  the  experi¬ 
ments.  The  volumetric  addition  of  one  mL  of  metal  stock  solution  to  100  mL  of  EPP 
yielded  final  concentrations  of  1,  5  and  10  mg/L  cadmium,  1,  10  and  100  mg/L  chro¬ 
mium  and  10,  100  and  1000  mg/L  copper. 

After  the  metal  additions  were  completed,  each  flask  containing  100  mL  of  broth 
was  inoculated  with  a  logarithmically  growing  population  of  T.  furgasoni  W  to  an 
initial  cell  concentration  of  approximately  1600  cells/mL.  These  were  incubated  in 
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duplicate  flasks  at  25°  C  in  a  Labline  Instruments  Co.  Environ-Shaker.  A  rotation 
speed  of  70  rpm  and  a  12:12  LD  (light-dark)  cycle  continued  throughout  the  testing 
period.  Cells  were  harvested  by  withdrawing  1.0  mL  by  sterile  pipette  at  six  hour 
intervals,  and  fixed  in  0.1  N  perchloric  acid.  These  samples  were  used  for  counting 
with  a  Coulter  model  F  particle  counter.  The  mean  cell  density  per  mL  of  the  cultures 
at  each  sampling  point  was  calculated  by  averaging  six  cell  counts.  The  estimates 
of  the  initial  cell  concentrations  were  made  by  counting  an  aliquot  of  the  inoculating 
cultures. 

For  each  combination  of  media  and  metal  ion  concentration,  growth  rates  were 
compared  by  linear  least  squares  fits  of  time  against  the  logarithm  of  cell  number. 
In  addition.  Student’s  one-tailed  t-test  was  used  to  compare  cell  concentration  after 
30  hours  of  growth  among  the  metal-ion  treatments  within  each  medium  concentra¬ 
tion.  A  significance  level  of  p=  0.05  was  used  in  each  analysis. 

CVPs  were  enumerated  from  cells  grown  in  2%  EPP  at  30  and  60  hours.  Samples 
were  taken  from  flasks  containing  the  control,  5  mg/L  Cd  +  ^,  10  mg/L  Cr^  and  100 
mg/L  Cu^2.  Ten  mL  of  these  cultures  were  centrifuged,  fixed  in  4%  OsO^,  and  then 
washed  and  post-fixed  with  Dafano’s  solution.  The  fixed  cells  were  stained  by  the 
Frankel  and  Heckmann  (1968)  modification  of  the  Chatton-Lwoff  silver  impregna¬ 
tion  technique.  Cells  were  scored  for  number  of  CVPs  at  lOOOX  magnification,  using 
a  light  microscope. 

One  way  analysis  of  variance  (ANOVA)  was  performed  on  250  cells  from  each 
treatment.  When  the  F  value  for  the  ANOVA  test  (p  =  0.05)  exceeded  the  given  value 
for  the  degrees  of  freedom  of  the  data,  the  Student-Neuman-Keuls  (SNK)  test  was 
employed  to  determine  which  metal  treatments  were  significantly  different  from  the 
control  (Zar,  1974). 


RESULTS 

The  results  of  the  typical  experiment  are  summarized  in  Table  1.  Figures  1  through 
3  are  selected  growth  curves  with  the  lines  of  best  fit  superimposed. 

Figure  1  depicts  the  growth  of  T.  furgasoni  W  in  EPP  and  0.2%  EPP,  with  and 
without  added  cadmium.  This  heavy  metal  ion,  as  seen  in  Table  1,  strongly  inhibits 
growth  in  all  media  at  a  level  of  ^  10  mg/L.  A  maximum  population  and  growth 
rate  which  did  not  differ  significantly  from  the  control  were  obtained  at  5  mg/L  only 
in  the  concentrated  EPP  solution.  Although  growth  was  not  inhibited  significantly 
at  1  mg/mL  Cd^^,  in  any  of  the  concentrated  media,  i.e,  EPP,  2%  PP  and  1%  PP, 
all  of  the  diluted  media  showed  a  pronounced  inhibition  of  cell  growth. 

Figure  2  shows  some  of  the  effects  of  the  chromate  ion  on  the  maxiumu  popula¬ 
tion  size  obtained  by  Tetrahymena  grown  in  2%  PP  and  0.2%  PP  media.  Table  1 
indicates  that  growth  was  strongly  inhibited  in  all  media  containing  100  mg/L 

^^^4  Inhibition  in  the  10  mg/L  solution  was  significant  in  all  cases,  but  had  its 
minimal  effect  in  EPP.  In  this  medium,  a  high  cell  density  was  still  attained.  A  level 
of  1  mg/L  CrO^‘2  in  0.2%  PP  and  0.1%  PP  exhibited  an  inhibition  of  the  popula¬ 
tion’s  growth  rate. 

Figure  3  presents  growth  data  for  copper-containing  1  %  and  0.1%  PP.  Inhibition 
of  the  growth  rate  and  population  density  by  copper  (also  see  Table  1)  were  shown 
in  all  media  at  1000  mg/L  and  100  mg/L  Cu^.  Growth  rate  and  peak  population 
concentration  were  reduced  by  10  mg/L  Cu"^^  in  0.2%  PP  and  0.1%  PP. 
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The  statistical  analyses  of  the  number  of  CVPs  are  presented  in  Table  2.  The 
ANOVAs  of  both  the  30  hour  and  the  60  hour  samplings  showed  significant  differ¬ 
ences  among  the  treatments.  The  SNK  test  indicated  that  at  30  hours  the  only  statisti¬ 
cally  significant  different  among  the  treatments  was  between  the  control  and  those 
containing  copper,  which  had  an  increased  mean  number  of  CVPs.  At  60  hours,  the 
controls  and  cells  treated  with  Cd  +  ^  had  no  detectable  change  in  the  variance  in  the 
number  of  CVPs.  There  were  significant  (p  <  0.05)  increases  in  the  number  of  cells 
with  supernumerary  CVPs  (i.e.,  more  than  the  2  CVPs  that  are  typical  for  this  species) 
between  the  control  population  and  the  cells  treated  with  CrO^“^  and  Cu^^. 

DISCUSSION 

The  information  obtained  from  these  studies  showed  that  the  inhibition  of  growth 
of  Tetrahymena  furgasoni  W  by  exposure  to  metal  was  affected  by  the  amount  of 
organic  compounds  in  the  medium.  In  all  media  concentrations  tested,  the  growth 
of  the  controls  displayed  no  statistically  significant  differences.  For  all  metals  used, 
the  growth  was  inhibited  at  the  highest  metal  concentrations  in  all  media.  Cenerally, 
higher  metal  concentrations  were  less  toxic  in  the  higher  concentrations  of  PP,  as 
judged  by  the  growth  of  the  culture. 

The  literature  has  numerous  studies  on  the  toxicity  of  heavy  metals  to  protozoa 
(Persoone  &  Dive,  1978,  Slabbert  et  al.,  1983;  Smith-Sonneborn  1983).  Tetrahymena 
and  Paramecium  have  received  special  attention  in  such  toxicological  research. 
Although  this  has  generated  a  wealth  of  new  information,  the  use  of  many  different 
media  has  caused  confusion  in  comparing  the  results  of  these  studies. 

Methods  that  measure  toxicity  by  describing  changes  in  a  culture  over  several 
generations  have  been  developed  to  estimate  the  toxic  response  of  ciliates  to  metals. 
These  include  cell  size  characters  (Nemeth  &  Csik,  1963),  feeding  behavior  based 
upon  comparative  prey  density  (Bringmann  &  Kuhn,  1959),  clone  viability  (Heaf 
&  Lee,  1971;  West  et  al.,  1962)  and  comparative  growth  curves  (Apostal,  1973). 
Smith-Sonneborn  (1983)  used  the  autogamous  species  Paramecium  tetraurelia  to  test 
the  rate  of  genetic  damage  caused  by  toxic  and  carcinogenic  agents. 

Nyberg  and  Bishop  (1983)  used  bacterized  Cerophyl  to  test  48-h  mean  tolerance 
limit  (TL-50)  to  Cd^^,  CrO~^  and  Cu^^.  Carter  and  Cameron  (1973)  used  a  bio¬ 
assay  procedure  with  distilled  water  over  a  24-h  interval  to  ascertain  a  TL-50  of  1.67 
mg/L  for  Cd“.  Yamaguchi  (et  al.,  1973)  employed  a  0.2%  PP  medium  to  determine 
that  0.44  mg/L  Cd^^  was  inhibitory  to  growth.  Bergquist  (1974)  used  2%  PP  to 
measure  growth  inhibition  using  Cd^^.  Bovee  (1975)  did  his  studies  in  a  1  %  PP  simi¬ 
lar  to  the  above  four  growth  inhibition  studies  for  Cd^,  Cu^^  and  Cr^®.  Because 
these  investigations  and  widely  different  toxicity  testing  procedures  and  media  concen¬ 
trations,  the  results  were  noncompatable  or  contradictory. 

It  is  clear  that  there  should  be  some  standardization  of  media  and  testing  proce¬ 
dures  accompanying  toxicological  studies  of  the  ciliates.  For  bioassay  work,  Schultz 
et  al.  (1980)  advocate  the  use  of  a  medium  similar  to  the  EPP  used  here.  As  this  study 
demonstrates,  additional  organic  components  in  the  media  decrease  the  toxic  effect 
of  the  metal  ions  examined.  For  Tetrahymena,  we  recommend  that  the  effects  of 
a  toxin  on  growth  rate  and  maximum  population  levels  in  0. 1  %  PP  be  reported  with 
other  data  as  a  comparative  measure  because  we  observed  a  marked  protection  of 
cells  from  the  toxic  effects  of  heavy  metals  as  the  concentration  of  peptone  increased. 
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This  recommended  concentration  of  proteose  peptone  has  the  following  advantages: 
1)  it  supports  a  population  equivalent  to  that  seen  in  1  %  proteose  peptone.  2)  it  is 
buffered  (pH  is  known  to  alter  toxicity  <Wakatsuki  et  ah,  1984>).  3)  it  is  easier  to 
prepare  than  defined  media  and  4)  growth  inhibition  by  metal  ions  is  more  clearly 
visible  here  than  in  higher  concentrations  of  peptone.  Cerophyl  (0.25%)  bacterized 
with  Klebsiella  aerogenes  (Nyberg  &  Bishop,  1983)  is  recommended  for  Paramecium 
and  other  hymenostomes  that  are  not  routinely  grown  axenically.  Growth  rate  and 
population  density  are  recommended  as  common  points  of  comparison. 

In  many  of  the  cultures  in  which  the  metal  concentration  was  strongly  inhibi¬ 
tory  to  growth,  an  initial  doubling  of  the  cell  density  was  noted.  Differences  in  cell 
number  among  the  treatments  became  manifest  between  12  and  18  hours.  Using  0. 1  % 
PP  in  distilled  water,  Ramamoorthy  and  Kushner  (1975)  found  that  additions  of  20 
mg/L  copper  resulted  in  an  86%  binding  of  the  metal  to  the  medium  after  30  minutes, 
as  measured  by  a  selective  free  ion  probe.  Similarly,  the  addition  of  cadmium  resulted 
in  57  %  binding.  A  solution  of  0.1  %  yeast  extract  bound  98%  of  the  added  copper, 
but  only  11%  of  the  cadmium  ions.  Therefore,  the  differences  in  growth  rates  that 
were  detected  between  12  and  18  hours,  as  indicated  by  the  regression  analysis,  were 
not  due  to  further  reductions  in  free  metal  ions. 

Saar  and  Weber  (1979)  found  that  cadmium  bound  to  fulvic  acids.  Babich  and 
Stotzky  (1977)  were  able  to  relate  the  reduced  toxicity  of  cadmium  toward  microor¬ 
ganisms  directly  to  the  cation  capacity  of  clays  added  to  growth  media.  These  lines 
of  evidence  indicate  that  the  interaction  of  organic  matter  and  metals  in  the  growth 
medium  in  protozoans  may  be  of  concern  to  the  environmentalist  as  well  as  the  labora¬ 
tory  toxicologist.  Again,  care  must  be  exercised  in  the  comparison  of  toxicity  data 
from  studies  conducted  in  different  media. 

Few  morphological  effects  are  known  to  be  caused  by  heavy  metal  toxicity.  Food 
vacuole  formation  shows  intense  stimulation  in  both  number  and  increased  size  in 
response  to  copper  ions  (Nilsson  1981).  Cells  increase  the  number  of  refractile  granules 
in  the  cytoplasm  (Nilsson  1981)  and  the  normal  trajectory  followed  by  cell  volume 
changes  through  the  modes  of  growth  can  be  altered  by  toxins  (Nemeth  &  Csik  1963). 

In  Tetrahymena,  the  complex  cell  surface,  the  cortex,  ranks  among  the  most 
intensly  studied  features  of  the  cell.  Due  to  its  stable  structure  cortical  characters  are 
important  as  a  taxonomic  indicator  (Frankel,  1972,  1974).  Among  the  better  taxono¬ 
mic  features  in  Tetrahymena  are  the  number  and  position  of  the  contractile  vacuole 
pores  (CVPs),  which  are  the  external  opening  to  the  contractile  vacuole  (Nanney, 
1967).  Factors  that  alter  the  mean  number  of  position  of  the  CVPs  are  therefore  of 
interest  to  system atists. 

Bergquist  (1974)  reported  that  cells  treated  with  Cd^^  developed  enlarged 
CVPs.  Loefer  et  ah,  (1966);  indicated  that  with  unstressed  T.  furgasoni  W,  approxi¬ 
mately  two-thirds  of  the  cells  contained  2  CVPs,  and  one-third  had  3  CVPs.  A  few 
cells  had  a  single  CVP  and  they  did  not  report  any  strain  with  four  or  more. 

We  found  supernumerary  CVPs  in  association  with  two  of  the  metal  solutions 
tested.  These  were  not  believed  to  be  due  to  the  osmotic  or  ionic  stress  caused  by 
the  addition  of  ions  to  the  medium.  The  changes  in  the  osmotic  and  ionic  strength 
were  minute  compared  to  the  effect  of  the  medium  concentration.  The  increased  inci¬ 
dence  of  supernumerary  CVPs  was  seen  only  in  cultures  which  exhibited  a  signifi¬ 
cant  reduction  in  both  growth  rate  and  maximum  cell  count.  Thus,  the  mean  number 
of  CVPs  may  represent  a  potential  measure  of  physiological  stress. 
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Table  1.  Effect  of  media  on  growth  of  30  hours  with  heavy  metal. 
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Table  2.  Statistical  analysis  of  contractile  vacuole  pore  number  data  from  cells  grown 
in  EPP  for  30  h  and  60  h. 

30  hour  counts 

Treatment  Number  of  CVPs  Per  Cell  Mean  CVP  Number  Stand.  Error 


1 

2 

3 

4 

5 

Control 

6 

152 

83 

7 

0 

2.37 

0.037 

Cadmium,  5ppm 

1 

139 

97 

12 

1 

2.49 

0.035 

Chromium,  lOppm 

3 

156 

84 

7 

0 

2.36 

0.038 

Copper,  lOOppm 

7 

102 

132 

8 

1 

2.58 

0.040 

One  way  ANOVA  among  metal  Treatments 


Source 

DF 

Sum 

Mean  f 

Treatments 

3 

8.14 

2.71  7.65 

Error 

996 

353.26 

0.35 

Total 

999 

361.40 

probability 

o 

o 

V/ 

Comparison  of  Treatment  Means  By  the  Student-Neuman-Keuls  (S-K-N)  Test 

Control  vs  cadmium-  NS  Cadmium  vs  chromium-  NS 

Control  vs  chromium-  NS  Cadmium  vs  copper-  NS 

Control  vs  copper-  p  <  0.05  Chromium  vs  copper-  NS 

60  hour  counts 

Treatment  Number  of  CVPs  Per  Cell  Mean  CVP  Number  Stand.  Error 


1 

2 

3 

4 

5 

Control 

39 

165 

42 

4 

2.04 

0.039 

Cadmium,  5ppm 

20 

164 

64 

0 

2 

2.20 

0.039 

Chromium,  lOppm 

20 

143 

88 

10 

1 

2.42 

0.041 

Copper,  lOOppm 

6 

115 

115 

14 

0 

2.55 

0.041 

One  way  ANOVA  among  metal  Treatments 


Source 

DF 

Sum 

Mean  f 

Treatments 

3 

38.12 

12.70  31.87 

Error 

996 

397.08 

0.40 

Total 

999 

435.19 

probability 

o 

o 

V/ 

Comparison  of  Treatment  Means  By  the  Student-Neuman-Keuls  (S-K-N)  Test 

Control  vs  cadmium-  NS  Cadmium  vs  chromium-  p  <  0.05 

Control  vs  chromium-  p  <  0.05  Cadmium  vs  copper-  p  <  0.05 

Control  vs  copper-  p  <  0.01  Chromium  vs  copper-  NS 

NS  =  not  significant 
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Fig.  1.  The  growth  of  T.  jurgasoni  in  full  strength  enriched  proteose  peptone  (EPP)  (2.0%)  and  in  diluted 
EPP  either  alone  or  with  1-10  mg/L  cadmium  added. 
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CHROMIUM  IN  2%  PP  AND  0.2%  PP 


Fig.  2.  The  growth  of  T.  furgasoni  in  similar  media  dilutions  to  the  above,  but  with  the  addition  of 
from  1  to  100  mg/L  chromate. 
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TIME  -  HOURS 


Fig.  3.  The  growth  of  T.  furgasoni  in  1  %  proteose  peptone  medium  and  in  diluted  medium  containing 
10-100  mg/L  copper. 


Transactions  of  the  Illinois  Academy  of  Science 
(1986),  Volume  79,  3  and  4,  pp.  237-244 


REGIONAL  VARIATION  OF  MEAN 
TEMPERATURES  BIASES  AS  A  FUNCTION 
OF  THE  TIME  OF  OBSERVATION 


by 

David  Head* 

North  Central  Regional  Climate  Center 
Illinois  State  Water  Survey 
Champaign,  Illinois  61820 
May,  1985 


INTRODUCTION 

When  attempting  to  relate  the  mean  temperature  of  one  station  with  that  of 
another,  or  when  investigating  temperature  for  temporal  stability,  the  data  must 
be  as  error-free  as  possible.  The  daily  mean  temperature  for  National  Weather  Ser¬ 
vice  (NWS)  Cooperative  Stations  is  currently  computed  from  the  daily  readings  from 
maximum-minimum  thermometers,  read  once  per  24  hrs  at  some  hour  convenient 
to  the  observer.  The  time  of  daily  observation  may  impact  daily,  monthly,  and 
annual  mean  temperatures  to  such  a  degree  that  spatial  or  temporal  comparisons 
are  not  reliable.  Time  of  observation  biases  may  equal  the  magnitude  of  real  change, 
(see,  e.g.,)  Mitchell,  1953;  Schaal  and  Dale,  1977;  Dale  et  al.,  1983). 

If  a  cooperative  observer  reads  the  maximum  thermometer  at  1600  hrs,  near 
the  time  of  maximum  daily  temperature,  that  maximum  temperature  may  be 
recorded  for  that  day  and  also  for  the  next  day.  (i.e.,  carried-over  maxima)  This 
will  occur  if  the  maximum  for  the  next  day  is  less  than  that  of  the  previous  day 
that  it  occurs  later  than  1600  hrs.  Extreme  minimum  temperatures  would  be  recorded 
on  2  successive  days  if  the  observations  are  taken  near  the  time  of  minimum  tempera¬ 
ture  for  similar  reasons. 

Because  the  time  of  observation  bias  is  a  systematic  error  (Mitchell,  1958;  Baker, 
1975),  observations  may  be  appropriately  corrected.  Mitchell  (1961)  and  Nelson  et 
al.,  (1979)  discussed  methods  to  remove  the  time  of  observation  bias  from  mean 
temperatures  for  some  stations,  but  corrections  for  stations  on  a  synoptic  scale  are 
not  available.  Further,  corrections  previously  published  were  determined  from  rela¬ 
tively  short  time  series  of  data.  In  consideration  of  studies  based  on  small  data  sets, 
this  study  determines  the  long  term  time  of  observation  biases  introduced  into  mean 
temperature  for  the  Midwest  and  High  Plains  determined  from  15  years  of  hourly 
observations  from  National  Weather  Service  first-order  stations. 

’Present  affiliation:  Harris  Corp.,  301  Washington  St.,  Bellesiie  N’E  68005. 
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LITERATURE  REVIEW 

The  first  known  published  report  of  the  effeet  of  the  time  of  observation  on 
mean  temperatures  was  that  of  W.  Ellis  in  1890  (Niehols,  1934).  Since  that  time, 
at  least  eight  other  papers  appeared,  either  analyzing  the  magnitude  of  the  time 
of  observation  bias  for  one  or  a  few  stations,  based  on  only  a  few  years  of  data. 
These  papers  are  reviewed  in  Mitchell  (1958),  Baker  (1975)  and  Dale  et  al.  (1983), 
and  will  not  be  repeated  here. 

DATA  AND  PROCEDURES 

Fifteen  years  (only  10  yrs  data  from  Peoria)  of  quality  hourly  temperatures  were 
acquired  from  10  NWS  first-order  stations  from  the  Midwest  and  High  Plains  for 
the  period  1948-1964.  Table  1  lists  the  stations,  number  of  missing  hourly  observa¬ 
tions,  length  of  record,  and  location.  Missing  data  were  interpolated  using  a  4-point 
Lagrange  linear  interpolating  scheme.  If  more  than  6  successive  values  were  missing 
in  any  given  sequence  of  14  temperatures,  that  day’s  data  were  deleted  from  the 
study.  Only  one  day’s  data  were  so  treated.  Missing  data  accounted  for  less  than 
0.1%  of  any  data  set. 

The  mean  of  the  highest  and  lowest  hourly  temperatures  within  the  25  hours 
ending  at  each  hour  of  the  day  was  calculated  for  all  days  of  each  month  of  all  years. 
For  each  24-hour  period  at  least  one  reading  was  from  the  preceding  calendar  day. 
These  calculations  were  made  to  simulate  means  derived  from  maximum  and  mini¬ 
mum  thermometer  observations  made  once  per  day  at  any  hour  of  the  day  for  each 
month  of  the  year.  Fifteen-year  means  (ten  year  means  for  Peoria)  were  then  derived 
for  each  month  using  the  above  series  of  daily  means.  The  means  derived  from  the 
hourly  temperatures  for  any  given  observation  hour  were  defined  as: 

4-  min 

h-  IfZ 

where  D  is  the  number  of  days  in  the  years  of  record,  "^h  is  the  hourly  temperature, 
max  ("^h)  is  the  maximum  value  of  the  25  hourly  temperatures  (h  =  1,  2  .  .  .  25), 
and  min  ("^h)  is  the  minimum  value  of  the  25  hourly  temperatures. 

Means  derived  from  25  hourly  readings  ending  at  midnight  are  herein  termed 
“midnight  means.”  Means  from  hourly  readings  with  the  day  ending  at  any  other 
hour  of  the  day  are  termed  “hourly  means.” 

The  biases  are  herein  defined  as  the  magnitude  of  the  hourly  minus  the  midnight 
mean  temperatures.  These  biases  for  each  hour  were  plotted  on  graphs  for  all  months 
for  each  station.  Maximum  positive  and  negative  biases  (regardless  of  the  hour)  for 
each  month  were  also  computed  at  each  station. 
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GENERAL  RESULTS  AND  DISCUSSION 

Figure  1  presents  the  biases  for  Des  Moines  for  August  and  December,  the  two 
extreme  months  which  exhibit  extreme  magnitude  biases.  They  are  representative  of 
the  shape  of  the  bias  curves  of  all  stations  studied.  Mean  temperatures  generated  from 
readings  beginning  between  0100  hours  and  about  2  hours  after  sunrise  are  generally 
lower  relative  to  midnight-to-midnight  means  (i.e.,  a  negative  bias).  The  sign  and 
magnitude  of  the  bias  at  any  hour  is  related  to  the  number  of  carryover  maxima  or 
minima  from  one  day  to  the  next,  thus  raising  or  reducing,  respectively,  the  resulting 
means.  Negative  biases  are  therefore  the  result  of  carryover  of  more  frequent  minima, 
and  positive  biases  because  of  more  frequent  maxima. 

Figure  1  clearly  exhibits  asymmetric  distribution  about  the  zero  bias.  The  areas 
above  and  below  the  zero  bias  for  August  are  clearly  different  from  those  of  December. 
In  general,  for  those  stations,  the  area  under  the  zero  bias  increases  from  November 
to  March.  The  negative  area  decreases  from  April  to  October.  From  September  to 
November  the  biases  for  0100  and  0200  are  positive.  This  is  due  to  a  more  frequent 
occurrence  of  previous  day  maxima  carryover  for  these  particular  hours  during  these 
months.  Minimum  biases  generally  occurred  within  an  hour  of  sunrise,  (more  often 
following  sunrise)  whereas  maximum  biases  tended  to  occur  between  1400  and  1600 
hours.  There  is  an  obvious  resemblance  of  the  bias  curves  to  the  march  of  diurnal 
temperature,  (Fig.  1).  e.g.,  (1)  the  rapid  rise  of  the  bias  to  zero  deviation  approxi¬ 
mately  2  hours  after  the  maximum  negative  bias,  in  most  cases,  (2)  to  the  maximum 
maximum  positive  bias,  and  (3)  the  decrease  thereafter.  This  is  expected  since  the 
greatest  negative  biases  for  a  given  month  are  expected  to  occur  near  the  time  of  mini¬ 
mum  temperature  (i.e.,  the  time  with  most  frequent  minima  carryover).  The  largest 
positive  bias  should  occur  around  the  time  of  the  maximum  temperature.  The  areas 
above  the  negative  portion  of  the  bias  curves  are  smaller  than  the  corresponding  area 
under  the  positive  portion  bias  because  temperatures  near  a  day’s  normal  minimum 
is  more  nearly  the  same  from  day-to-day  than  those  near  the  maximum  (Landsberg, 
1966).  Thus,  even  though  minima  carryover  dominates  early  morning  readings,  the 
frequency  of  minimum  carryover  year  round  is  relatively  less  than  that  of  maxima 
carryover  for  late  morning  and  afternoon  to  evening  hours. 

Figure  2  presents  the  greatest  negative  and  positive  biases  for  each  month  for 
the  10  stations.  This  figure  is  important  for  showing  any  trends  or  similarities  that 
exist  in  the  extreme  biases  during  the  year.  The  greatest  positive  and  negative  bias 
curves  are  similar  in  shape  for  most  stations,  i.e.,  the  minimum  and  maximum  positive 
bias  centers  on  July  and  October-November,  respectively.  Sault  Ste.  Marie  was  an 
exception,  reaching  its  maximum  in  May,  and  minimum  in  March  or  December, 
with  a  secondary  minimum  in  August.  Also,  while  most  stations’  minima  occurred 
in  March,  Sault  Ste.  Marie  reached  a  minimum  in  February.  Flint’s  greatest  positive 
bias  curve  peaked  in  September,  with  minima  occurring  in  mid-winter  and  late 
summer.  The  biases  for  these  two  stations  are  affected  by  proximity  to  the  Great  Lakes. 

For  most  stations  the  greatest  magnitude  of  the  extreme  negative  and  positive 
biases  occurred  near  March  and  November,  respectively.  Baker  (1975)  attributed  the 
former  to  the  fact  that  temperatures  in  March  are  increasing  at  a  maximum  rate  for 
the  year.  Thus,  when  readings  are  taken  at  a  given  hour  near  the  time  of  morning 
minimum  {i.e.,  the  negative  bias),  the  minima  at  the  beginning  of  March  are  generally 
lower  than  those  at  the  end  of  the  month  (compared  to  all  other  months).  Hence, 
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the  minimum  for  a  day  is  more  frequently  included  as  the  minimum  for  the  following 
day  in  addition  to  the  normal  carryover  tendency  for  morning  readings.  The  greatest 
positive  bias  was  generally  found  in  November,  but  for  the  opposite  reason,  i.e.,  daily 
mean  temperatures  at  this  time  of  year  are  decreasing  at  the  maximum  rate.  The 
maximum  temperatures  at  the  beginning  of  November  are  almost  always  higher  than 
those  near  the  end. 

The  annual  march  of  the  greatest  biases  for  1400-1600  hours  reflects  the  impor¬ 
tance  of  the  relationship  between  diurnal  sun  control  (temperature  response  to  solar 
forcing)  and  frontal  passage  frequency  on  interdiurnal  temperature  change  (see  Fig. 
2).  In  the  lower  latitude  stations  (e.g..  Dodge  City,  St.  Louis)  the  pronounced 
minimum  in  the  positive  bias  curves  in  summer  is  due  to  the  relatively  stable  (although 
large  in  amplitude  relative  to  winter)  diurnal  variation  of  temperature  during  these 
hours  {i.e.,  maximum  temperatures  change  relatively  little  from  day-to-day).  Studies 
by  Calef  (1950),  Sumner  (1953),  Visher  (1954),  Landsberg  (1966),  and  Crowe  (1971) 
support  this  claim.  The  curves  of  the  more  northern  stations  have  a  less  defined 
minimum  in  summer.  This  is  because  the  effects  of  frequent  frontal  passage  and 
cyclones  in  these  regions  dampen  the  impact  of  diurnal  sun  control  (Reihl,  1942; 
Trewartha  and  Horn,  1980).  This  is  especially  true  in  Sault  Ste.  Marie  and  Flint, 
where  the  frequency  of  cyclonic  events  is  greater  than  at  other  stations  of  the  study 
area  (Reitan,  1974;  and  Zishka  and  Smith,  1980). 

A  decrease  in  magnitude  of  the  negative  bias  generally  occurs  from  March  to 
November  (Fig.  2).  This  is  due  to  the  changing  trend  of  annual  temperature  from 
decreasing  positive  slope  from  March  to  July  to  increasing  negative  slope  from  July 
to  November. 


SUMMARY 

The  time  of  observation  bias  has  been  recognized  by  researchers  since  the  late 
1800’s,  although  past  studies  focussed  on  the  bias  at  one  or  two  stations,  and  the  biases 
were  calculated  from  temperature  records  of  only  a  few  years  length,  and  thus  may 
have  been  unstable. 

The  time  of  least  bias  generally  occurred  between  1  and  3  hours  after  sunrise 
and  again  near  midnight.  Mean  temperatures  derived  from  once  per  day  readings 
taken  after  midnight  but  before  the  time  of  zero  bias  were  generally  lower  than  the 
2400  hours  mean  {i.e.,  negative  biases).  Means  from  readings  after  the  time  of  zero 
bias  until  midnight  were  higher  than  the  midnight  means  (positive  biases). 

The  biases  can  be  used  to  correct  mean  temperatures  calculated  from  maximum- 
minimum  thermometers  read  once  per  day  at  any  consistent  hour  within  the  study 
area.  For  example,  mean  temperatures  derived  from  observations  of  a  given  hour, 
whose  corresponding  bias  is  negative,  under-estimates  a  midnight-to-midnight  mean, 
and  must  be  increased  by  the  magnitude  of  the  bias.  This  will  correct  the  mean  temper¬ 
ature  upward  to  a  best  estimate  of  the  mean  calculated  from  maximum-minimum 
temperature  readings  recorded  at  midnight  during  the  same  period.  A  positive  bias 
indicates  that  the  calculated  mean  is  greater  than  a  midnight  reading  by  the  magnitude 
indicated. 

The  following  findings  were  central  to  this  study.  Biases  for  means  calculated 
from  once  per  24  hour  observations  of  maximum  and  minimum  thermometers  were 
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determined  for  each  hour  for  each  month  for  10  Upper  Midwest  and  High  Plains 
stations.  The  specific  results  for  Des  Moines,  a  station  central  to  the  area,  are  sum¬ 
marized  in  detail  below.  Relative  differences  between  these  results  and  those  from 
the  other  9  stations  follow.  For  mean  temperatures  for  Des  Moines,  determined  from 
1500  hours  local  time  observations: 

(1)  the  bias  ranges  from  +  1.0°C  to  +  1.1°C  from  January  through  April; 

(2)  the  bias  decreases  to  +0.8°C  in  May  to  +0.7°C  in  June  and  July; 

(3)  the  bias  increases  to  +0.8°C  in  August  and  -f-  1.1°C  in  September;  and 

(4)  the  biases  range  from  +  1.2°C  for  October  to  +  1.3°C  for  November  and 
December. 

At  this  station  a  change  in  the  observation  time  from  1500  to  0600  hours  in  April, 
say,  would  result  in  a  decrease  of  1.8°C  in  the  calculated  mean  temperatures. 

For  the  entire  study  area,  the  spatial  land  temporal  changes  were  found  to  be 
as  follows: 

1.  For  most  months  positive  biases  were  greatest  in  the  west  and  least  in  the  east 
and  northeast  of  the  study  region. 

2.  Monthly  negative  biases  were  relatively  uniform  (ca.  0.5  degrees  C)  in  magni¬ 
tude  across  the  region,  except  during  November  when  they  were  greatest  in 
the  southwest  and  least  in  the  northeast. 

3.  Positive  biases  were  greatest  in  late  autumn  and  winter,  (up  to  2.5°C)  and 
least  in  summer  (ca.  0.5°C).  This  difference  in  the  magnitude  of  the  biases 
between  seasons  was  greatest  in  the  south  and  least  in  the  north.  The  positive 
biases  of  Sault  Ste.  Marie  and  Flint  were  greatest  in  late  spring  and  early  fall, 
and  least  in  winter,  due  to  their  proximity  to  the  Great  Lakes. 

4.  Negative  biases  were  greatest  in  late  winter  (  -  1°C),  and  least  in  the  autumn 
(ca.  0.2°C)  with  gradual  changes  in  the  negative  biases  for  months  between 
these  extremes. 

Areas  of  similar  correction  can  be  delineated,  e.g.,  Peoria,  St.  Louis,  and  Indi¬ 
anapolis  all  exhibit  a  bias  of  about  +0.6°C  in  July  for  a  1500  hours  observation. 
Stations  located  between  these  3  stations  would  experience  a  similar  correction.  In 
March,  the  corrections  at  1500  hours  are  +  L2°C  at  Springfield,  MO  and  St.  Louis, 
+  L0°C  at  Des  Moines,  +0.9°C  at  Peoria,  and  +  LUC  at  Indianapolis. 

Actual  correction  values  from  each  of  the  10  stations  for  any  hour  for  any  month 
are  too  volumnious  for  presentation  here,  however,  they  may  be  obtained  by  com¬ 
municating  with  the  North  Central  Regional  Climate  Center,  Illinois  State  Water 
Survey,  2204  Griffith  Dr.,  Champaign,  IL  61820. 

Corrections  by  this  method  can  be  applied  to  the  many  weather  station  records 
throughout  the  region.  However,  large  bodies  of  water,  aspect  and  local  topography 
can  modify  the  biases.  Caution  must  be  used  when  interpolating  between  stations 
of  different  local  geography. 
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Table  1.  Station  locations,  the  years  covered  by  the  data,  and  the  number(#)  of 
missing  values. 


Station 

Years 

Covered 

Missing 

Hourly 

Latitude^ 

Longitude^ 

Elevation- 

Bismarck 

1950-64 

8 

46 

100 

1650 

Des  Moines 

1950-64 

21 

42 

93 

940 

Dodge  City 

1950-64 

11 

37 

100 

2580 

Flint 

1950-64 

8 

43 

83 

750 

Indianapolis 

1950-64 

114 

39 

86 

790 

Peoria 

1950-64 
&  1957-64 

26 

40 

89 

650 

St.  Cloud 

1950-64 

11 

45 

94 

1030 

St.  Louis 

1950-64 

7 

38 

90 

540 

Sault  Ste.  Marie 

1950-64 

1 

46 

84 

720 

Springfield 

1950-64 

59 

37 

93 

1270 

^Whole  degrees 
“Nearest  tens  of  feet 
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Fig.  1.  Hourly  biases  (°F)  for  Des  Moines  lA  for  August  and  December. 
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HOUR 

Fig.  2.  Greatest  positive  ancd  negative  biases  (F°)  for  eaeh  month  by  station. 
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ABSTRACT 

A  number  of  genera  of  eolonial  eorals  are  common  to  the  Gedar  Valley  Lime¬ 
stone  (Middle  Devonian-Hamilton/Tully)  of  central  Missouri  and  to  the  Lingle 
Limestone  (Middle  Devonian-Hamilton)  and  St.  Laurent  Limestone  (Middle 
Devonian-Hamilton/Tully)  of  southern  Illinois  and  southeastern  Missouri.  However, 
no  colonial  coral  species  were  common  among  these  units.  Two  new  genera  and 
species  of  colonial  corals  in  the  Gedar  Valley  Limestone  are  identified  in  this  study. 
They  are  common  to  both  the  St.  Laurent  and  Lingle  formations  and  provide  further 
indication  of  the  similar  composition  of  the  coral  fauna.  This  similarity  may  prove 
to  be  useful  in  more  closely  correlating  the  Middle  Devonian  units  of  central 
Missouri  with  those  in  southern  Illinois  and  southeastern  Missouri.  The  newly-identi¬ 
fied  forms  present  in  the  Gedar  Valley  in  central  Missouri  are  Aidocystis  jacksoni 
(Grabau),  Syringopora  aff.  S.  hisingeri  Billings,  and  Syringopora  neoperelegans 
Fraunfelter.  S.  aff.  S.  hisingeri,  however,  has  been  found  only  in  the  Gedar  Valley. 

INTRODUCTION 

This  study  is  part  of  an  on-going  study  of  the  Middle  Devonian  megafaunas 
of  central  and  southeastern  Missouri,  as  well  as  those  of  southern  Illinois.  The  purpose 
of  this  study  is  to  identify,  describe,  and  compare  these  megafaunas,  and  to  determine 
the  stratigraphic  relationships  of  the  containing  beds.  We  have  zoned  the  Cedar 
Valley  in  central  Missouri  using  megafossils.  Two  of  the  zones  were  defined  on  the 
basis  of  diagnostic  colonial  coral  species.  We  have  zoned  the  stratigraphically  equiva¬ 
lent  Lingle  and  St.  Laurent  Limestones  in  southeastern  Missouri  and  southern  Illinois. 
One  of  those  zones  was  defined  on  the  presence  of  a  diagnostic  colonial  coral  species. 
The  colonial  corals  described  here  are  the  first  documented  occurrences  from  the 
Cedar  Valley  in  central  Missouri.  Two  of  these  latter  species  also  occur  in  the  St. 
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Laurent  and  Lingle  Limestones  (Fraunfelter,  1970).  This  study  then  is  an  attempt 
to  correlate  the  zones  of  the  Cedar  Valley  Limestone  in  central  Missouri  with  the 
zones  of  the  St.  Laurent  and  Lingle  Limestones  in  southeastern  Missouri  and  southern 
Illinois,  by  means  of  common  species,  in  this  situation  colonial  coral  species.  Such 
correlations  must  be  established  in  order  to  determine  the  regional  paleoecology, 
environments  of  deposition,  and  paleogeography  of  the  involved  stratigraphic  units 
in  the  future.  Collecting  localities  are  shown  in  Figure  1.  A  generalized  columnar 
section  is  illustrated  in  Figure  2,  and  a  columnar  section  for  Mineola  Hill  is  shown 
in  Figure  3.  The  latter  two  sections  indicate  the  pertinent  stratigraphy. 


Figure  1.  Locality  Map. 
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Figure  2.  Correlation  Chart. 
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Figure  3.  Columnar  Section  of  the  Cedar  Valley. 
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EXPLANATION  OF  FIGURES  OF  FOSSILS 

Fig.  4.  Aulocystis  jacksoni,  lateral  view  XI. 4,  S.I.U.M.  4264. 

Fig.  5.  Aulocystis  jacksoni,  top  view  X2.25,  S.I.U.M.  2171. 

Fig.  6.  Syringopora  aff.  hisingeri,  lateral  view  X0.75,  S.I.U.M.  4265. 

Fig.  7.  Syringopora  neoperelegans,  top  view  X0.7,  S.I.U.M.  631. 

Fig.  8.  Syringopora  neoperelegans,  lateral  view  XI. 2,  S.I.U.M.  2115. 

Fig.  9.  Syringopora  neoperelegans,  top  view  XI. 0,  S.I.U.M.  4268. 
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SYSTEMATIC  PALEONTOLOGY 

Phylum  Coelenterata  Frey  and  Leuckhart,  1847 
Subphylum  Cnidaria  Hatschek,  1888 
Class  Anthozoa  Ehrenberg,  1834 
Subclass  Tabulata  Milne-Edwards  and  Haime,  1850 
Order  Auloporida  Sokolov,  1947 
Superfamily  Auloporicae  Milne-Edwards  and  Haime,  1851 
Family  Aulocystidae  Sokolov,  1950 
Genus  Aulocystis  Schluter,  1885 
Aulocystis  jacksoni  (Grabau) 

Figs.  4-5 

Ceratopora  jacksoni  Grabau,  1899,  p.  415,  pi.  1,  fig.  1;  pi.  2,  figs.  6-10. 
Ceratopora  jacksoni  Stewart,  1927,  pp.  20-21,  pi.  1,  fig.  6. 

Ceratopora  jacksoni  Stewart,  1938,  pp.  81-82. 

Aulocystis  jacksoni  Watkins,  1959,  p.  796,  pi.  108,  figs.  14-15;  pi.  109,  figs.  1-3. 
Aulocystis  jacksoni  Stumm,  1967,  p.  96,  pi.  2,  figs.  4-7. 

Aulocystis  jacksoni  Stumm,  1967,  p.  126. 

Aulocystis  jacksoni  Kesling  and  Ghilman,  1975,  pi.  45,  fig.  16,  pi.  46,  figs.  3-8; 
pi.  49,  fig.  5. 

The  original  description  of  Aulocystis  jacksoni  by  Grabau  states:  “Gorallum 
erect,  frequently  and  irregularly  branching;  corallites  cylindrical,  or  slightly  trumpet¬ 
shaped.  Surface  formed  by  a  coarsely  wrinkled  epitheca,  and  showing  longitudinal 
ridges  or  costae.  Gavity  of  the  calyx  funnel-shaped,  continued  as  a  cylindrical  central 
tube,  which  seldom  occupies  more  than  one  third  of  the  diameter  of  the  corallite. 
Gysts  coarse,  irregular,  arranged  semi-concentrically,  with  frequent  spine-like 
processes  or  trabeculae  projecting  from  the  lamellae  of  the  wall. 

The  branching  of  this  species  is  such  as  to  produce  an  irregular  aborescent  form, 
indicating  that  the  corallum  grew  upright.  The  corallites  seldom  grew  perfectly  cylin¬ 
drical  and  erect,  almost  always  having  a  more  of  less  sinuous  or  irregular  ouline. 
The  new  buds  were  usually  given  off  at  an  oblique  angle.”  (see  E.G.  Stumm,  1964, 

p.  82). 

Remarks.  The  material  studied  from  the  Gedar  Valley  Limestone  of  central 
Missouri  consists  of  one  well-preserved  specimen  and  parts  of  other  specimens.  The 
rock  in  which  these  specimens  were  found  is  a  crinoid  coral-lime  wackestone.  The 
specimen  from  the  St.  Laurent  Limestone  near  Lithium,  Missouri,  was  found  in  a 
coral  crinoid  lime  wackestone. 

Occurrence.  Mineola  facies  of  the  Gedar  Valley  Limestone  (Gallaway)  along 
the  south  side,  east-bound  lane,  of  1-70  on  Mineola  Hill,  northwest  of  Mineola,  Mont¬ 
gomery  Gounty,  Missouri  (W  1/2,  SWl/4  SWl/4  Sec.  28,  T.48N.,  R.6W.,  Mont¬ 
gomery  Gity  Quadrangle);  middle  clastic,  coralline  facies,  lower  Walnut  Grove 
Member  of  the  Lingle  Limestone  equivalent,  of  the  St.  Laurent  Limestone  near 
Lithium,  Perry  Gounty,  Missouri  (North  Genter  Sec.  11,  T.36  N.,  R.IO  E.,  Ghester 
Quadrangle);  and  from  the  same  stratigraphic  interval  at  Union  School  in  Perry 
Gounty,  Missouri  (Genter  El/2  Sec.  29,  T.35  N.,  R.13  E.,  Ghester  Quadrangle); 
as  well  as  from  the  Rendleman  Oolite  Bed,  lower  Walnut  Grove  Member  of  the 
Lingle  Limestone  at  the  Lingle  Type  Section  in  Union  Gounty,  Illinois  (North  Genter 
SEl/4  SWl/4  SWl/4  Sec.  26,  T.13  S.,  R.  2  W.,  Jonesboro  Quadrangle). 
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Types.  Southern  Illinois  University  Museum,  Hypotypes  4264  and  2171. 

Superfamily  Syringoporicae  de  Fromentel,  1861 
Family  Syringoporidae  de  Fromentel,  1861 
Genus  Syringopora  Goldfuss,  1826 
Syringopora  aff.  S.  hisingeri  Billings 

Fig.  6 

The  original  description  of  Syringopora  hisingeri  by  Billings  is  as  follows:  “This 
species  forms  large  masses  of  very  long,  nearly  parallel  or  slightly  varying  slender 
corallites,  which  are  closely  aggregated,  and  present  a  rugged  or  knobby  appearance 
from  the  great  number  of  the  connecting  tubes.  The  diameter  of  the  corallites  is  one- 
third  of  a  line,  or  a  little  more.  The  tubes  of  connexion  are  distant  from  two-thirds 
of  a  line,  or  a  little  more.  The  tubes  of  connexion  are  distant  from  two-thirds  of  a 
line  to  one  line  and  a-half.  The  distance  between  the  corallites  is  for  the  greater  part 
less  than  their  diameter.  The  young  corallites  branch  from  the  sides  of  the  adult  indi¬ 
viduals,  and  immediately  become  parallel  with  the  parent,  and  connected  with  it 
again  by  the  usual  tubes  of  connexion.”  (see  G.L.  and  M.A.  Fenton,  1947,  Gard  103). 

Remarks.  In  our  specimen  the  corallites  are  slightly  larger  in  diameter  and  the 
connecting  stolons  are  slightly  farther  apart.  In  addition,  the  corallites  are  slightly 
more  widely-spaced.  Our  specimen  is  enclosed  in  a  matrix  of  mudstone  containing 
floating  quartz  grains  and  a  few  disassociated  brachiopod  valves. 

Oeenrrence.  Mineola  facies  of  the  Gedar  Valley  Limestone  in  Adrian  Brothers 
quarry  in  Southern  Boone  Gounty,  Missouri  (NWl/4  NE  1/4  Sec.  24,  T.45  N.,  R.12 
W.,  Jefferson  Gity  Quadrangle). 

Types.  Southern  Illinois  University  Museum,  Hypotype  4265. 

Syringopora  neoperelegans  Fraunfelter 

Figs.  7-9 

Syringopora  neoperelegans  Fraunfelter,  1970.  p.  38.  pi.  7,  fig.  1. 

“Gorallum  similar  to  that  of  S.  perelegans  Billings,  but  differs  from  that  species 
in  that  the  corallites  are  more  irregularly-spaced  and  in  that  the  rounded  connecting 
stolons  are,  consequently,  more  widely  and  irregularly-spaced.  Internal  structure 
similar  to  that  of  S.  perelegans.  Goralla  up  to  one  foot  in  diameter  have  been  observed. 

Re7narks.  The  specimens  from  the  Gedar  Valley  Limestone  in  central  Missouri 
are  not  well-preserved,  but  the  corallites  are  of  about  the  same  size  and  have  internal 
structure  similar  to  that  of  S.  neoperelagans.  The  specimens  from  the  Gedar  Valley 
on  Mineola  Hill  and  Near  Wittenberg  are  enclosed  in  wackestone. 

Occurrences.  Mineola  facies  of  the  Gedar  Valley  Limestone  on  Mineola  Hill  in 
Montgomery  Gounty,  Missouri  (Wl/2  SWl/4  SWl/4  Sec.  28,  T.48  N.,  R.6W.,  Mont¬ 
gomery  Gity  Quadrangle);  middle  clastic,  coralline  facies,  lower  Walnut  Grove 
Member  of  the  Lingle  Limestone  equivalent,  of  the  St.  Laurent  Limestone  along  an 
intermittent  tributary  to  Brazeau  Greek  about  one-half  mile  west  of  Wittenberg,  Perry 
Gounty,  Missouri  (NEl/4  NWl/4  NEl/4  SWl/4  Sec.  18,  T.  34  N.,  R.14  E.,  Altenburg 
Quadrangle);  and  middle  clastic,  coralline  facies,  lower  Walnut  Grove  Member  of 
the  Lingle  Limestone  equivalent,  of  the  St.  Laurent  Limestone  in  the  west  bluff  of 
the  Mississippi  River  about  one-half  mile  south  of  Wittenburg,  Perry  Gounty,  Missouri 
(SEl/4  SEl/4  SEl/4  Sec.  18,  T.34  N.,  R.14  E.,  Altenburg  Quadrangle). 

Types.  Southern  Illinois  University  Museum,  Holotype  2115,  and  Hypotypes  631 
and  4268. 
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DISCUSSION 


Eight  genera  of  colonial  corals  are  common  to  the  Cedar  Valley  Limestone  of 
central  Missouri,  to  Mineola  facies  on  Mineola  Hill  and  stratigraphically  equivalent 
strata,  and  to  the  Lower  Walnut  Grove  Member  of  the  Lingle  Limestone  in  southern 
Illinois  and  stratigraphically  equivalent  strata  in  southeastern  Missouri.  Two  species, 
Syringopora  neoperelegans  and  Aulocystis  jacksoni  are  specifically  common  to  Middle 
Devonian  rocks  of  the  two  areas.  The  colonial  coral  faunas  from  these  two  intervals 
are  listed  below: 


Cedar  Valley 

Alveolites  callawayensis  Fraunfelter 
Alveolites  subramosus  Rominger  ? 
Aulocystis  jacksoni  (Grabau) 

Aulopora  callawayensis  Fraunfelter 
Billingsastraea  billingsi  (Calvin) 
Cladopora  dichotoma  Hall 
Drymopora  callawayensis  Fraunfelter 
Eridophyllum  auxvassensis  Fraunfelter 
Eridophyllum  callawayensis  Fraunfelter 
Favosites  alpenensis  alpenensis  Winchell 
Favorsites  romingeri  romingeri  Swann 
Hexagonaria  profunda  (Hall) 
Syringopora  aff.  S.  hisingeri  Billings 
Syringopora  neoperelegans  Fraunfelter 
Thamnopora  limitaris  Rominger 

Lingle/St.  Laurent 
Alveolites  cf.  A.  winchellana  (Miller) 
Aulocystis  cf.  A.  frutectosa  (Davis) 
Aulocystis  cf.  A.  incrustans  (Davis) 
Aulocystis  jacksoni  (Grabau) 

Aulopora  buccinata  Watkins 
Aulopora  conferta  Winchell 
Aulopora  microbuccinata  Watkins 


Lingle/St.  Laurent  continued 
Billingsastraea  ingens  (Davis) 
Emmonsia  arbuscula  (Hall) 
Emmonsia?  digitatus  (Rominger) 
Emmonsia  eximia  (Davis) 
Eridophyllum  archiaci  (Billings) 
Favosites  alpenensis  alpenensis 
(Winchell) 

Favosites  clausus  Rominger 
Favosites  hamiltonae  Hall 
Favosites  nitellus  Winchell 
Favosites  placentus  Rominger 
Favorsites  turbinatus  (Billings) 
Hexagonaria  percarinata  (Sloss) 
lowaphyllum  aplenense  (Rominger) 
Platytaxum  frondosum  (Nicholson) 
Pleurodictyum  (Pleurodictyum) 
planum  Davis 

Pleurodictyum  (Pleurodictyum) 
wardi  Greene 

Striatopora  cf.  S.  cavernosa 
Rominger 

Syringopora  neoperelegans 
Fraunfelter 

Trachypora  intercedens 
Fraunfelter 

Trachypora  vermiculosa 
(Lesueur) 
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CONCLUSIONS 

The  presence  of  the  two  newly-identified  species  of  colonial  corals  from  the  Cedar 
Valley  Limestone  in  central  Missouri,  which  also  occur  in  the  St.  Laurent  and  Lingle 
Limestones  in  southeastern  Missouri  and  southern  Illinois,  suggests  a  similar  age  for 
the  coralline  facies  of  the  Cedar  Valley  Limestone  on  Mineola  Hill  and  elsewhere 
in  Missouri,  and  the  coralline  facies  of  the  St.  Laurent  and  Lingle  Limestones  in  south¬ 
eastern  Missouri  and  southern  Illinois.  The  generic  similarity  in  composition  of  the 
coralline  faunas  involved,  as  indicated  by  the  included  faunal  lists,  also  suggests  a 
close  relationship  in  time  between  these  coralline  faunas.  The  more  detailed  correlation 
made  possible  by  these  newly-identified  species  is  significant,  because  no  other  diag¬ 
nostic  megafossil  species  common  to  the  Cedar  Valley  and  St.  Laurent/Lingle  have 
been  identified  from  this  area.  In  addition,  the  Cedar  Valley  Limestone  and  the  St. 
Laurent/Lingle  Limestones  were  deposited  in  different  seaways. 
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ABSTRACT 

We  have  examined  the  maeropaleontology  of  the  beds  above  and  below  the 
Mississippian/Pennsylvanian  boundary  in  the  type  region  of  the  Mississippian.  The 
area  of  study  is  in  the  south-eentral  part  of  the  Illinois  Basin.  The  macrofossils  above 
the  boundary  are  generally  regarded  as  Pennsylvanian  forms,  and  are  significantly 
different  from  those  below  which  are  generally  regarded  as  Mississippian  forms.  The 
differences  between  these  biotas  indicate  the  presence  of  a  major  hiatus  at  the  Missis¬ 
sippian/Pennsylvanian  boundary  in  this  area.  Intercontinental  comparisons  indicate 
that  macro- invertebrates  are  not  presently  diagnostic  biostratigraphically,  but  the  plant 
fossils  strongly  indicate  chronostratigraphic  equivalence  of  the  latest  type  Mississip¬ 
pian  with  a  position  near  the  Visean/Namurian  bounday  of  Europe.  This  correla¬ 
tion,  however,  is  at  odds  with  other  correlations,  which  are  based  upon  invertebrate 
paleontological  evidence,  especially  micropaleontological  evidence. 

TEXT 

For  any  world- wide  correlations,  a  knowledge  of  the  type  area  of  a  stratigraphic 
unit  is  necessary.  Accordingly,  we  have  investigated  the  maeropaleontology  of  strata 
near  the  upper  boundary  of  the  type  Mississippian  System.  The  type  Mississippian 
System  lies  in  the  upper  Mississippi  River  Valley  (Winchell,  1869)  on  the  western 
margin  of  the  Illinois  Basin,  although  a  specific  outcrop  (or  series  of  outcrops)  has 
never  been  designated.  Standard  procedure  (Atherton  et  ah,  1960;  Willman  et  ah. 
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1975)  in  the  Illinois  Basin  positions  the  upper  boundary  of  the  Mississippian  by  lithol¬ 
ogy  at  the  top  of  the  uppermost  limestone  or  marine  shale  and  below  conglomeratic 
sandstone,  sandy  shale,  or  coal  which  are  termed  Pennsylvanian  (except  where  pre- 
Pennsylvanian  erosion  has  caused  similar  coarse,  coal-bearing  clastic  units  of  the  Mis¬ 
sissippian  and  Pennsylvanian  to  be  directly  superposed).  With  the  upper  boundary 
of  Mississippian  System  defined  in  this  manner,  the  youngest  Mississippian  strata  occur 
(Figure  1)  at  the  southern  margin  of  the  Illinois  Basin  and  are  designated  the  Grove 
Church  Formation  (Swann,  1963),  which  is  best  exposed  at  its  type  section  (Figure 
2a,  b).  Basal  Pennsylvanian  strata  are  also  exposed  here  (Figure  2a-d)  and  are  referred 
to  the  Wayside  Member  of  the  Caseyville  Formation  (Lamar,  1925;  Kosanke,  et.  ah, 
1960). 

We  have  discovered  significant  floral  and  faunal  remains  in  both  the  uppermost 
Mississippian  and  basal  Pennsylvanian  strata  in  the  Cedar  Grove  Church  area.  Fossil 
plants  of  the  Grove  Church  Formation  occur  throughout  the  unit  in  the  exposure 
along  the  road  past  the  church,  but  are  most  common  in  silty  shale  at  the  base  of 
the  unit  (Figure  2b).  Lycopods,  although  rare,  occur  in  the  Grove  Church  Forma¬ 
tion  along  with  more  numerous  sphenophytes  and  abundant  seed  fern  remains  (Table 
1).  The  fossil  plants  in  the  Wayside  Member  of  the  Caseyville  Formation  occur  in 
sandstone  and  are  mostly  not  as  well-preserved  as  those  of  the  Grove  Church  Forma¬ 
tion.  A  number  of  distinctive  forms  of  lycopods,  sphenophytes,  seed  ferns,  and  cor- 
daiteans  are  present,  however  (Table  1). 

The  uppermost  megafauna  in  the  Grove  Church  Formation  occurs  in  a  six- 
inch  (15  cm)  interval  of  bluish-gray  shale  three  feet  (1  m)  below  the  top  of  the  Grove 
Church  Formation  at  the  type  section  (Figure  2b).  It  consists  of  corals,  brachiopods, 
pelecypods,  gastropods,  cephalopods,  blastoids,  crinoids,  trilobites,  conularids,  and 
trace  fossils  in  the  form  of  “worm”  trails  and  filled  burrows  (Table  2). 

The  boundary  between  the  Mississippian  and  Pennsylvanian  in  the  Illinois  Basin 
has  historically  been  considered  to  be  a  basin-wide  unconformity.  Despite  physical 
evidence  of  a  hiatus,  this  view  has  recently  been  challenged  by  Rexroad  and  Merrill 
(1985),  who  examined  microfossils  and  interpreted  the  boundary  strata  in  the  area 
of  Cedar  Grove  Church  and  the  type  Wayside  as  a  continuous  depositional  sequence. 
Examination  of  Rexroad  and  Merrill’s  (1985)  published  data,  however,  suggests  that 
the  morphological  similarities  between  the  Grove  Church  and  the  Wayside  conodonts 
may  not  be  as  great  as  they  suggest.  Furthermore,  the  possibility  of  reworking  cannot 
be  ruled  out. 

The  macro-biota  of  the  Grove  Church  Formation  is  quite  different  from  the  biota 
of  the  Wayside  Member  of  the  Caseyville  Formation  (Tables  1,2).  Biostratigraphically 
diagnostic  forms  among  both  the  plants  and  the  invertebrates  in  the  Grove  Church 
Formation  exhibit  close  affinities  with  biotas  of  other  Chesterian  formations.  For 
example,  Asterophyllites  grandis,  Rhodea  spp.,  Teleangiopsis  sp.,  Rhynchogonium 
sp.,  Diaphragmus  cestriensis,  Composita  subquadrata,  dindPentremites  sp.  are  wide¬ 
spread  in  the  Chesterian  generally  (e.g.  Jennings,  1984;  Weller  et  ah,  1948).  The 
Wayside  biota,  on  the  other  hand,  includes  such  forms  as  Lepidodendron  aculea- 
tujn,  Calarnites  cistii,  Hexagonocarpus  crassus,  Artisia  transverse,  Desmoinsia  sp., 
and  Syngastrioceras  (  =  Eoasianites)  oblatus  regarded  as  typically  Pennsylvanian  in 
the  midcontinent  and  elsewhere  (e.g.  Gordon,  1964;  Jennings,  1974). 

The  paleontological  dissimilarity  between  the  Grove  Church  and  the  Wayside 
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indicates  that  a  major  hiatus  is  indeed  present.  The  differences  cannot  be  attributed 
to  facies  change,  because  there  are  similar  marine  and  non-marine  facies  present  both 
above  and  below  the  boundary.  The  lowermost  floras  described  from  the  type  Penn¬ 
sylvanian  (and  other  Pennsylvanian  outcrops)  are  slightly  older  than  the  flora  of  the 
Wayside.  A  chronological  gap  nevertheless  remains  between  the  top  of  the  type  Mis- 
sissippian  and  base  of  the  type  Pennsylvanian.  Transitional  strata  present  in  other 
regions  lack  any  objective  basis  for  assignment  to  either  the  Pennsylvanian  or 
Mississippian. 

The  Visean/Namurian  boundary  of  Europe  is  typically  correlated  with  the  Middle 
Chesterian  (e.g.  Weller  et  al.,  1948;  Collinson  et  al.,  1971;  Saunders,  1973;  Rams- 
bottom  and  Saunders,  1984),  although  Baxter  and  Brenckle  (1982)  have  put  it  con¬ 
siderably  higher.  There  are  problems  with  the  definition  of  the  Namurian  (Salvador, 
1985),  and  the  type  Namurian  in  Belgium  has  an  unconformity  at  its  base  (Stock- 
mans  and  Williere,  1955;  Boukaert  and  Higgins,  1970).  The  very  large  flora  present 
in  the  strata  above  the  unconformity  at  the  base  of  the  type  Namurian  (Stockmans 
and  Williere,  1952-53,  1955)  shares  only  two  or  three  long-ranging  species  with  the 
Grove  Church  flora  and  appears  to  be  significantly  younger.  In  contrast,  most  of 
the  plant  species  in  the  Grove  Church  Formation  have  been  reported  from  the  Oil 
Shale  Group  of  Scotland  (Lindley  and  Hutton,  1831-37;  Hibbert,  1836;  Kidston,  1923), 
a  unit  regarded  as  Visean  (Craig,  1983). 

Indeed,  many  of  the  Grove  Church  fossil  plant  forms  have  been  reported  only 
from  European  strata  identified  as  Visean.  A  lesser  number  are  known  only  from 
beds  regarded  as  Namurian.  To  reconcile  these  differences  requires  a  correlation  of 
the  Grove  Church  with  a  position  very  near  the  Visean/Namurian  boundary.  Inverte¬ 
brate  macrofossils  are  poorly  known  in  Scottish  Lower  Carboniferous  strata  and  there 
are  no  species  in  common  between  the  Scottish  faunas  (e.g.  Wilson,  1966)  and  the 
Grove  Church  fauna,  although  the  faunas  share  a  few  genera.  These  cannot  be  con¬ 
sidered  diagnostic,  but  are  not  inconsistent  with  the  fossil  plant  data.  There  thus 
remains  a  significant  discrepancy  between  current  correlations  based  on  invertebrate 
microfossils  and  evidence  from  the  plant  megafossils. 
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1  KILOMETER 


SCALE 

Fig.  1.  Location  map  (part  of  the  Lick  Creek  Quadrangle)  of  the  area  in  southern  Illinois  where  the 
uppermost  strata  of  the  type  Mississippian  are  exposed.  Locations  A  and  B  show  the  position 
of  the  type  Grove  Church  along  a  small  creek  and  along  a  secondary  road.  Locations  C  and 
D  are  fossil  collecting  sites  in  the  type  Wayside. 
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Fig.  2.  Columnar  sections  of  uppermost  Mississippian  strata  and  strata  of  the  immediately  overlying 
Pennsylvanian.  Arrowheads  indicate  horizons  from  which  fossil  collections  have  been  made  (in 
=  invertebrate  fossils,  pi  =  plant  fossils). 
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Table  1.  List  of  fossil  plants  from  the  Grove  Church  Formation  and  Wayside  Member  of  the  Caseyville 
Formation  in  the  vicinity  of  Cedar  Grove  Church,  Johnson  County,  Illinois. 


GROVE  CHURCH 
lycopods 

Lepidodendron  cf.  L.  veltheimii 
Lepidostrobophyllurn  lanceolatum 


sphenophytes 

Calamites  cistiiformis 
C.  roemeri 

Asterophyllites  grandis 

ferns 

none 


seed  fern  vegetative  material 
Dictyoxylon  sp. 
Plumatopteris  elegans 
Sphenopteris  affinis 
S.  crassa 
S.  duhia 
S.  fragilis 
S.  gigantea 
S.  hibherti 
S.  macconochii 


seed  fern  pollen  organs 
Boulaya  cf.  B.  hallii 
Potoneia  sp. 

Scheutzia  sp. 

Telangiopsis  sp. 

cordaitean  vegetative  material 
none 

seeds  and  ovules 

Carpolithes  granularis 
C.  sp. 

cf.  Cornucarpus  sp. 
'‘Hexagonospermum'’  rugosum 
Bhabdocarpus  turbinatus 
Bhynchogonium  sulcatum 
Trigonocarpus  kevretianus 
T.  cf.  T.  noeggerathii 
T.  cf.  T.  parkinsoni 


WAYSIDE 

lycopods 

Lepidodendron  aculeatum 
Lepidophloios  sp. 

Syringodendron  sp. 

Lepidophylloides  sp. 
Lepidostrobophyllurn  sp. 

sphenophytes 
Calamites  cistii 
C.  suckowii 
PSphenophyllum  sp. 

ferns 

Alloiopteris  sp. 

Pecopteris  plumosa 
Sphenopteris  cf.  S.  amoena 

seed  fern  vegetative  material 
Alethopteris  decurrens 
A.  cf.  A.  lonchitica 
cf.  Eremopteris  sp. 
cf.  Lesley  a  sp. 

Linopteris  (Beticulopteris)  sp. 
Mariopteris  cf.  M.  nervosa 
Neuropteris  cf.  N.  gigantea 
N.  cf.  N.  heterophylla 
N.  cf.  N.  tenuifolia 
cf.  Palaeopteridium  sp. 

Sphenopteris  (Palmatopteris)  furcata 

S.  pygmaea 

S.  cf.  S.  schatzlarensis 

seed  fern  pollen  organs 
none 


cordaitean  vegetative  material 
Artisia  transverse 
Cordaites  principalis 

seeds  and  ovules 

Cordaicarpon  annulatum 
C.  cornutum 
C.  major 

Hexagonocarpus  crassus 
Trigonocarpus  massarti 
T.  noeggerathii 
T.  parkinsoni 
T.  schultzianus 
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Table  2.  List  of  invertebrate  fossils  from  the  Grove  Church  Formation  and  Wayside  Member  of  the 
Caseyville  Formation  in  the  vicinity  of  Cedar  Grove  Church,  Johnson  County,  Illinois. 


GROVE  CHURCH 
coelenterates 

Amplexizaphrentis  palmatus 

brachiopods 
Qtiadratia  sp.. 

Composita  subquadrata 
Diaphragmus  cestriensis 
Productus  sp. 


bryozoans 
Fenestella  sp. 

Polypora  multispinosa 

pelecypods 

PAviculopecten  sp. 
Conocardium  sp. 
PEuchondria  sp. 
Nuculana  sp. 

PN.  sp. 

PNuculopsis  sp. 
PPalaeoneilo  sp. 
Parallelodon  sp. 

PP.  sp. 

Solemya  sp. 
cf.  Posidonia  sp. 
Schizodus  subcircularis 
S.  sp. 

gastropods 

cf.  Bellerophon  sp. 


WAYSIDE 

coelenterates 

P Amplexizaphrentis  sp. 

Michelinia  sp. 

brachiopods 

Composita  wasatchensis 
Desmoinesia  sp. 

Hustedia  gibbosa 
Lingula  carbonaria 
Linoproduetus  sp. 

PSandia  sp. 

Spirifer  cf.  S.  goreii 
S.  cf.  S.  opimus 
Spiriferellina  campestris 
Tesuquia  rnorrowensis 

bryozoans 

none 

pelecypods 

Aviculopecten  arkansanus 
Cardiornorpha  cf.  C.  rnissotiriensis 
C.  sp. 

Edmondia  cf.  E.  rnaccoyi 
E.  sp. 

Leda  cf.  L.  bellistriata 
Nucula  cf.  N.  beyrichi 
N.  lunulata 
N.  cf.  N.  rotundata 
Nuculopsis  croneisi 
N.  girtyi 

N.  cf.  N.  ventricosa 
Parallelodon  cf.  P.  obsoletus 

gastropds 

Bellerophon  sp. 

PHemizyga  sp. 

Planthiniopsis  sp. 

PLeptotygma  sp. 

Meekospira  sp. 

Naticopsis  (Jedria)  sp. 

Palaeostylus  (Pseiidozygopleura)  sp. 
Pharkinodontus  sp. 

Straparollus  cf.  S.  reedsi 
Trepospira  sp. 

Worthenia  sp. 
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cephalopods 

PMichelinoceras  sp. 
Spyroceras  sp. 

echinoderms 
Pentrimites  sp. 
columnals 

conularids 

Paraconularia  sp. 

arthropods 
Paladin  sp. 


cephalopods 

Gastrioceras  cf.  G.  oblatus 
Mooreoceras  cf.  M.  normale 
M.  sp. 

echinoderms 

columnals 

conularids 

none 

arthropods 

Ameura  (of  authors)  cf.  A.  trinucleata 
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ABSTRACT 

Thirty-one  cases  of  metastatic  poorly  differentiated  and  undifferentiated  carcin¬ 
omas  from  various  primary  sites,  one  case  of  known  Kaposi’s  sarcoma,  and  four 
cases  of  metastatic  malignant  amelanotic  melanoma  were  stained  by  immunoperoxi- 
dase  method  for  S-100  protein.  Only  cases  of  metastatic  malignant  melanoma  showed 
marked  positivity.  Gases  of  infiltrating  breast  carcinoma  showed  borderline  posi¬ 
tivity.  Metastases  from  all  other  sites  studied  were  S-100  negative.  These  results  indi¬ 
cate  that  S-100  staining  may  be  helpful  in  differentiating  metastatic  malignant 
amelanotic  melanomas  from  other  primary  tumors. 

Key  words:  S-100  Protein,  Metastatic  Amelanotic  Melanoma,  Undifferentiated 
Garcinoma. 


INTRODUCTION 

Malignant  melanoma  is  rapidly  becoming  one  of  the  more  common  malignancies 
in  the  United  States,  causing  an  average  of  5,500  deaths  annually.  ^  Although  most 
malignant  melanomas  arise  de  novo,  it  is  well  known  they  can  arise  in  congenital 
melanocytic  nevF  and  in  dysplastic  nevus  syndrome.^. 

The  diagnosis  of  metastatic  malignant  melanoma  in  the  presence  of  a  known 
skin  or  mucous  membrane  primary  does  not  usually  create  a  major  diagnostic  prob¬ 
lem.  However,  we  have  encountered  a  number  of  cases  in  which  the  diagnosis  of 
malignant  melanoma  was  made  on  a  metastatic  lesion  in  the  absence  of  a  well 
documented  primary  lesion.  The  diagnostic  difficulty  is  compounded  if  the  metastatic 
lesion  is  amelanotic.  These  metastases  are  presumably  derived  from  a  “mole” 
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removed  years  earlier  or  a  lesion  that  has  regressed  leaving  little  or  no  scar  or 
pigmentation. 

To  differentiate  metastases  of  malignant  amelanotic  melanoma  from  those  of 
an  undifferentiated  carcinoma,  we  utilized  immunoperoxidase  staining  by  S-100 
protein  which  is  positive  in  melanocytic  cells  but  negative  in  most  tumors  of  endo- 
dermal  origin. 


MATERIALS  AND  METHODS 

Thirty  cases  of  metastatic  undifferentiated  carcinomas  and  one  case  of  Kaposi’s 
sarcoma  with  known  primary  as  well  as  four  cases  of  metastatic  amelanotic  malig¬ 
nant  melanoma  were  studied. 

Representative  paraffin  blocks  from  the  35  cases  were  sectioned  at  4  microns. 
The  resulting  slides,  containing  the  paraffin  sections,  were  heated  for  30  minutes 
at  60°C  and  then  allowed  to  cool  to  room  temperature. 

Deparaffinization  of  the  sections  was  accomplished  using  3  changes  of  limonene 
and  the  sections  were  rehydrated  using  decreasing  grades  (100%  ,  95%  ,  and  80%) 
of  ethanol,  prior  to  rinsing  in  distilled  water. 

Endogenous  peroxidase  activity  was  blocked  using  freshly  prepared  3  %  hydrogen 
peroxide,  for  7-1/2  minutes.  The  slides  were  then  immersed  in  phosphate  buffered 
saline  (PBS)  for  5  minutes. 

To  accomplish  the  remainder  of  the  immunoperoxidase  staining  technique,  the 
Vector  Laboratories  Rabbit  IgG  ABC  staining  kit  was  employed.  The  primary  anti¬ 
body  (rabbit  antibovine  S-100  protein)  was  obtained  from  DAKO  Corporation.  The 
working  dilutions  of  the  ABC  kit  reagents  were  prepared  as  instructed  in  the  accom¬ 
panying  literature  and  the  S-100  antibody  was  used  at  a  working  dilution  in  PBS 
of  1:200. 

Incubation  times  were:  normal  goat  serum,  20  minutes;  primary  antibody,  30 
minutes;  biotinylated  antibody,  30  minutes;  and  avidinbiotinylated  horseradish 
peroxidase  complex,  45  minutes. 

Loci  of  peroxidase  complex  deposition  were  identified  using  0.01  %  diaminobenzi- 
dine  and  0.03%  hydrogen  peroxide  in  PBS.  Incubation  time  was  5  minutes.  The  slides 
were  then  washed  in  running  tap  water  for  5  minutes  prior  to  counterstaining  with 
Modified  Harris  Hematoxylin,  decolorizing  in  acid  alcohol,  and  bluing  in  ammonia 
water.  The  slides  were  then  dehydrated  using  95%  and  100%  ethanol,  cleared  in  3 
changes  of  limonene  and  1  change  of  xylene,  and  coverslipped  with  Permount. 


RESULTS 

Four  cases  of  electron  microscopically  proven  metastatic  malignant  melanoma 
showed  marked  ( -I-  -I-  -H  )  positivity  for  S-100  protein.  One  of  the  cases  had  extensive 
metastasis  to  the  breast,  which  illustrates  the  contrast  between  positive  melanoma 
cells  and  negative  ductal  epithelial  cell  (Figure  1).  This  consisted  of  intensely  positive 
immunoreactivity  in  the  cytoplasm  of  at  least  90%  of  the  tumor  cells. 

Six  cases  of  primary  infiltrating  carcinoma  of  the  breast  were  found  to  have 
borderline  positivity  due  to  staining  of  myoepithelial  cells;  however,  metastases  stained 
negatively  (Figure  2). 
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Twenty-four  cases  of  metastasis  from  undifferentiated  or  poorly  differentiated 
carcinomas  and  one  case  of  metastasis  from  Kaposi’s  sarcoma  (Table  1)  were  uniformly 
negative  for  S-100  protein.  (Figure  3). 

Table  1.  Immunoperoxidase  Staining  by  S-100  Protein 


Number  of  Cases 

Primary  Tumor 

S-100  Protein 

3 

Adenocarcinoma,  Lung 

— 

3 

Squamous  Cell  Carcinoma,  Lung 

— 

2 

Adenosquamous  Carcinoma,  Lung 

— 

2 

Squamous  Cell  Carcinoma,  Esophagus 

— 

1 

Undifferentiated  Carcinoma,  Esophagus 

— 

6 

Adenocarcinoma,  Stomach 

— 

1 

Clear  Cell  Carcinoma,  Kidney 

— 

1 

Transitional  Cell  Carcinoma,  Renal 

Pelvis 

— 

1 

Squamous  Cell  Carcinoma,  Vagina 

— 

1 

Carcinosarcoma,  Uterus,  (MMMT,  HT) 

— 

2 

Squamous  Cell  Carcinoma,  Floor  of 

— 

Mouth 

1 

Kaposi  Sarcoma 

— 

3 

Infiltrating  Lobular  Carcinoma,  Breast 

+  /-  - 

3 

Infiltrating  Ductal  Carcinoma,  Breast 

+  /-  - 

4 

Malignant  Melanoma 

-h  -1-  + 

DISCUSSION 

S-IOO  protein  is  one  of  the  first  neural  specific  proteins  extracted  from  brain  tissue.^ 
This  protein  is  also  present  in  the  peripheral  nervous  system,  satellite  cells  of  the  adrenal 
medulla  and  spinal  ganglia,  pituitary  and  pineal  glands. 

More  recent  studies  have  shown  that  S-100  protein  is  not  restricted  to  the  nervous 
system  but  is  widely  distributed  in  many  tissues  including  melanocytes  where  its 
presence  can  be  explained  by  the  neural  crest  origin  of  these  cells.  However, 
reports  of  S-100  positivity  in  interdigitating  reticulum  cells  of  a  lymph  node,^^ 
Langerhans  cells  of  the  epidermis,  and  human  T-lymphocytes  raise  interesting 
areas  for  further  investigation. 

The  results  of  this  study  show  a  method  which  clearly  separates  metastases  from 
malignant  amelanotic  melanomas  from  other  primary  tumors.  Although  primary 
breast  carcinomas  resulted  in  occasional  S-100  positivity,  this  was  due  to  uptake  by 
myoepithelial  cells.  No  positivity  was  observed  in  metastasis.  Occasional  positive  cells 
in  lymph  nodes  is  due  to  uptake  by  reticular  cells. 

Differentiating  metastatic  undifferentiated  lesions  can  pose  a  difficult  diagnostic 
problem  particularly  if  the  primary  site  is  not  obvious.  Various  special  studies  including 
histochemical  and  immunoperoxidase  staining  as  well  as  electron  microscopy  are  avail¬ 
able  to  help  delineate  the  source  of  primary  tumor.  We  have  found  immunoperoxi¬ 
dase  staining  with  S-100  protein  to  be  a  valuable  diagnostic  aid  in  differentiating 
metastatic  amelanotic  melanomas  from  metastatic  lesions  with  other  primary  sites. 
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LEGENDS 

Fig.  1.  Metastatic  amelanotic  melanoma  in  breast  showing  marked  S-100  positivity  of  tumor  cells  (T) 
as  compared  to  negative  ductal  epithelial  eells  (D).  (P.A.P.  Staining  x200) 

Fig.  2.  Infiltrating  ductal  carcinoma  of  breast  metastatic  to  lymph  node.  Only  occasional  reticulin  cells 
of  the  lymph  node  are  S-100  positive.  (P.A.P.  Staining  x200) 

Fig.  3.  S-100  negative  metastasis  from  non-melanoma  primary  sites.  (P.A.P.  Staining  x200) 

(A)  Squamous  cell  carcinoma,  lung. 

(B)  Clear  cell  carcinoma,  kidney. 

(C)  Adenocarcinoma,  stomach. 

(D)  Kaposi’s  sarcoma. 


267 


268 


269 


^  M, ■■■*.  '*•'■  >  ‘  .,^  •  '  '  j-A. 

X'  jw-  i  ^ '  r*'*  ^  »"“  '  ff '■^- 


fj  ’*■' 


%.  > 

'V 


3h7 

■V  »'C'<*/^f'' 


^'T'  "''•o "  "X  "X' *' ';  c  o':;^  ■ 

3.-:  ‘-l^,'*  ??  .-  ,  £■ ;  2  ^  .  ,.' .  A-^-r.^C  a'¥^'  * 


^  '  }#■  /*)  ‘4>’'  »  ,,  ■:.  *»''  -A'^"/S- 

-  .  ^  ■  •-  G.r—,e^-  r  ' 

1  ^rj  r^s,,.  K/;^'. . /<j' .  r.  ^  ^ 


‘A- 

4»’ 


> 

✓ 


o'-?.' 


)V‘- 


'  W  -<'>  "J  fpr- .  '  '^’  .;,r:-,  .  '■■■  .  ■■■■-  “-^^^  ',  A'- C 


r-  .  G  ”/'•  ■^' 

p.  ^•''  5«.  '  ^ 


5,  c '  i  '  p3^  -a  .  ■  ■  ..  M  -  / 


•*  -.4?  ' 


- 

'"»;  .  1^,  .  *■  -A^/x-i--'-^; 


■:rxS''.<rt; 


vi/ 


w 


>/  ■■■;«' 


■?  ^  ' 


-  ^■^^ 


,4  < . 


r^-. 


f  „w 

!:  .,•.,  ^i0  - 

^  ■::  ^  ,#.t 

t'-'-it  >  ’i'’  ' 

\  '  *s  ^V'i- 


■ . 'fMf-ti 4t>.v- ■  ,-#^7^  ■*“ '  y^',  "I"!!*..  ''“’^  y  ^  A'  '” "  ■' yy^‘ 

'^-j<5.c  s- „.-.-y:,i^^'  .4..-  '-  v[  a-^aa-  ^  x..#'#-  '^-'■s,. 

' '-3  ''K?PMy^'  ^  ft  -'‘^  -X'  / 


i/:'\  ^  ^ 

jS-  ' 


.  iZ 

r»  1^' 


-  X  V  A^’C  ■■  ^3'  ; 


__  .,x 


■  <r^ 

A^'-  -a/  ^ 


”7^.'^  * 


■'  >«P^1  * 


^  -*»,„  •  ">•’ 
<•»  ■  -A'  «- 


<#>» 

-(“1^ 


W> 


^;y  / 

*  '  <  t 


^J>- 


_  «»-  >  .-  '  ' 
f)'  ',:*  - 


w 


»'  •'  -  A»  ._J  ■•*  # 


c 


**.  /j  >.^  '  ^ 

>»’.  J  /  ,  /"'"is- 

'  ^•-  ‘a  r  '- 


-  'V 


■/ 


JL,> 


zA 


-f- 


>v 


></ 


•  ,.’7'’  ”■ 


V  ^ 

-f.^ 


zjif*x 

,C- 


/  ^ 

*./ 


\ 


i, 


270 


It 


Transactions  of  the  Illinois  Academy  of  Science 
(1986),  Volume  79,  3  and  4,  pp.  271-277 


HUMAN  PLASMA  PROTEIN  C  IN  LIVER 
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ABSTRACT 

Protein  C  is  a  vitamin  K-dependent  glycoprotein  present  in  human  plasma  at 
a  concentration  of  4  um/ml.  All  vitamin  K-dependent  proteins  are  procoagulant, 
whereas  Protein  C  exerts  and  anticoagulant  activity.  To  detect  Protein  C  in  hepato- 
cytes,  monoclonal  antibodies  were  used.  We  found  that  Protein  C  is  present  in  liver 
cells,  which  probably  are  the  site  of  its  production.  Furthermore,  this  protein  is 
not  present  in  Kupffer  cells  nor  is  it  found  in  endothelial  cells  lining  the  bile  ducts. 
In  several  pathological  conditions  in  which  intravascular  coagulation  is  present,  the 
serum  level  is  decreased.  This  can  be  verified  morphologically  on  tissue  sections  by 
immunohistochemical  staining.  In  this  study,  we  were  able  to  demonstrate  that  in 
liver  disease  the  amount  of  Protein  C  in  hepatocytes  is  reduced  depending  on  the 
severity  of  cell  damage. 

Key  Words:  Protein  C,  Anticoagulant  Activity,  Liver  Disease. 

INTRODUCTION 

PROTEIN  C  is  a  vitamin  K-dependent  glycoprotein  present  in  the  human 
plasma  at  a  concentration  of  4  um/mP^. 

It  is  composed  of  two  polypeptide  chains  linked  by  disulfide  bridge(s).  The  mol¬ 
ecule  contains  five  carbohydrate  chains  linked  to  the  heavy  chain  (MW  =  41,000), 
and  two  carbohydrate  chains  linked  to  the  light  chain  (MW  =  21,000);  the  carbo¬ 
hydrates  include  hexose,  glucosamine,  and  neuraminic  acid 

The  active  form  of  protein  C  (activated  protein  C)  inactivates  coagulation  factors 
Va  and  VIII:  C  by  a  limited  proteolysis  Protein  C  is  activated  by  some  proteo- 
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lytic  enzymes,  sueh  as  thrombin  and  trypsin,  and  its  aetivation  is  inereased  about 
20,000  fold  by  thrombomodulin,  produced  by  endothelial  eells.^’^^ 

A  defieieney  of  protein  C  might  lead  to  thrombotie  disease  In  hospitalized 
patients  with  intravascular  coagulation  protein  C  serum  levels  are  redueed^. 

Sinee  the  liver  seems  to  be  the  souree  of  protein  C,  this  study  sought  to  evaluate 
probable  eorrelation  between  liver  diseases  and  protein  C  deteetable  in  hepatoeytes 
by  immunoperoxidase  staining  proeedure. 

MATERIALS  AND  METHODS 

In  this  study  eases  from  the  Department  of  Pathology  at  Loyola  University  Medi¬ 
cal  Center  were  utilized.  The  cases  considered  inelude  several  liver  diseases:  fatty 
metamorphosis,  cirrhosis,  cholestasis,  and  non-speeifie  hepatitis. 

Deteetion  of  the  protein  C  in  paraffin-embedded  seetions  was  aeeomplished  by 
using  monoelonal  antibodies  against  human  plasma  protein  C  (Mallinekrodt  Diag- 
nostie  Produet  Division,  Maryland  Heights,  MO). 

The  preparation  eontained  0.5  mg  of  protein  in  0.5  ml  of  buffer  (50  mM  borie 
aeid,  0.2  M  NaCl,  pH  7.5)  with  no  additional  preservatives. 

This  monoelonal  antibody  was  purified  from  mouse  aseites  fluid  by  salt  fraetion- 
ation  followed  by  gel  filtration  and  ion  exehange  ehromatography. 

The  antibody  produeing  eell  line  was  obtained  by  the  hybridization  of  a  murine 
myeloma  line  (sp  2/0-Ag  14)  with  spleen  eells  from  a  BALB/C  mouse  immunized 
with  human  plasma  protein  C. 

The  murine  immunoglobulin  elass  is  IgGl,  pi  =  7,0  and  the  specfieity  is  for 
heavy  chain  of  non-activated  human  plasma  protein  C.  There  is  no  binding  to  aeti- 
vated  protein  C,  and  the  binding  of  this  antibody  inhibits  aetivation  of  human  plasma 
protein  C. 


IMMUNOPEROXIDASE  STAINING  PROCEDURE 

1.  Warm  slides  at  60°C  for  30  minutes. 

2.  Plaee  slides,  without  allowing  to  eool,  in  two  ehanges  of  Limonene  for  5  minutes 
each. 

3.  Rehydrate  seetions  in  100%,  95%,  and  70%  Ethanol  for  2  minutes  eaeh. 

4.  Rinse  slides  in  distilled  water. 

5.  Eneirele  tissue  seetions  with  diamond  marker. 

6.  Place  slides  in  freshly  prepared  6%  Hydrogen  Peroxide  (40  ml  of  PBS  and  10 
ml  of  30%  Hydrogen  Peroxide)  for  11  minutes. 

7.  Rinse  slides  with  PBS. 

8.  Wipe  excess  PBS  from  around  tissue  seetions. 

9.  Apply  Diluted  Primary  Antibody  (20  ul  of  antisera  in  3  ml  of  1  %  Normal  Mouse 
Serum  in  PBS)  for  30  minutes. 

10.  Rinse  slides  in  PBS  and  wipe  exeess  PBS  around  tissue  seetions. 

11.  Apply  Diluted  Biotinylated  Antibody  from  ABC  kit  (10  ml  of  PBS  and  1  drop 
of  Coneentrated  Biotinylated  Antibody)  for  30  minutes. 

12.  Rinse  slides  with  PBS  and  wipe  exeess  PBS  from  around  tissue  seetions. 

13.  Apply  Diluted  ABC  Reagent  for  45  minutes. 
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14.  Add  10  ml  of  PBS  to  Diaminobenzidine  (DAB)  bottle  using  a  10  cc  syringe  and 
needle,  shaking  bottle  well. 

15.  Rinse  slides  with  PBS  and  wipe  excess  PBS  from  around  tissue  sections. 

16.  Add  0.3  ml  of  30%  Hydrogen  Peroxide  to  DAB  bottle. 

17.  Apply  DAB  to  tissue  sections  for  3  to  5  minutes. 

18.  Rinse  slides  well  in  running  tap  water. 

19.  Counterstain  slides  with  Modified  Harris  Hematoxylin,  decolorize,  and  blue  using 
the  slide  stainer. 

20.  Dehydrate,  clear,  and  mount  using  Permount. 

RESULTS 

Utilizing  the  immunoperoxidase  staining  procedure  a  positive  stain  visualized  with 
DAB  characterizes  the  presence  of  intracytoplasmic  brown  granules.  These  granules 
may  occupy  the  entire  cytoplasm  or  may  be  concentrated  in  one  of  the  poles  of  cell 
and/or  in  the  peri-nuclear  area. 

Fig.  1.  shows  a  positive  reaction  for  human  plasma  protein  C  in  normal  liver. 
(P.A.P.  X  250)  The  brown  granules  are  present  in  the  cytoplasm  of  hepatocytes, 
demonstrating  that  protein  C  is  normally  present  in  liver  cells,  which  most  likely  are 
the  site  of  its  production.  The  granules  are  not  present  in  Kupffer  cells  nor  in  the 
lining  endothelial  cells  of  bile  ducts. 

Fatty  changes  are  due  to  accumulation  of  neutral  triglycerides  in  the  hepatocyte. 
The  cytoplasm  of  liver  cells  contains  fat  vacuoles  that  displace  the  nucleus  to  the 
periphery. 

Fig.  2.  (P.A.P.  X  250)  shows  an  immunoperoxidase  staining  for  protein  C  in  fatty 
liver.  The  reaction  is  negative  in  most  of  the  damaged  cells.  However,  a  weak  posi¬ 
tive  reaction  can  be  noticed  in  some  hepatocyte,  which  are  in  good  metabolic 
condition. 

In  the  case  of  cholestasis  and  non-specific  hepatitis,  the  reaction  is  negative  in 
most  of  the  tissue,  but  some  areas  show  a  positive  reaction,  and,  in  some  hepatocytes 
the  presence  of  protein  C  is  clearly  evident.  (Fig.  3,  P.A.P.  x  250) 

In  the  case  of  intracellular  cholestasis  and  mild  fatty  changes,  a  strong  positive 
reaction  is  present  in  some  hepatocytes,  whereas  some  of  them  show  a  weak  reaction. 
(Fig.  4,  P.A.P.  x250) 

In  cirrhosis  there  are  marked  architectural  changes  in  the  liver  tissue,  and  fibrous 
tissue  is  formed  in  reaction  to  hepatocyte  injury  and  loss.  A  regenerative  activity  is 
also  present.  The  fibrous  scars  and  the  regenerative  areas  determine  the  formation 
of  nodules,  which  can  vary  in  size,  depending  on  the  cause  of  cirrhosis  (micronodular 
and/or  macronodular). 

The  immunoperoxidase  staining  for  protein  C  in  cirrhotic  liver  is  negative,  with 
the  exception  of  very  few  cells  in  which  a  weak  reaction  is  present,  showing  that 
the  hepatocytes  are  damaged  and  not  capable  of  producing  protein  C.  (Fig.  5,  P.A.P. 
x250) 

DISCUSSION 

Most  likely  the  liver  is  the  site  of  production  of  plasma  protein  C.  In  several  patho¬ 
logical  conditions,  in  which  intra-vascular  coagulation  is  present,  the  serum  level  of 
protein  C  is  decreased. 
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These  conditions  include:  1.  infections  such  as  endocarditis,  peritonitis,  and  medi- 
astinitis;  2.  malignancies  such  as  acute  promyelocytic  leukemia,  histiocytic  lymphoma, 
breast  cancer,  germ  cell  carcinoma;  3.  other  conditions:  atherosclerosis,  acute  obstet¬ 
rical  complications,  cardiomyopathy^. 

In  this  study  we  were  able  to  demonstrate  that  in  several  liver  diseases  (especially 
alcoholic  liver  disease),  the  presence  of  protein  C  in  hepatocytes  (detectable  by 
monoclonal  antibodies),  is  reduced  according  to  the  severity  of  cell  damage. 

The  finding  might  be  due  to  a  cell  membrane  damage  and/or  to  an  alteration 
in  the  metabolic  activity  of  the  hepatocyte. 

Protein  C  is  a  glycoprotein,  that  is  for  its  synthesis  the  cell  utilizes  the  organelles 
that  are  supposed  to  do  this  work:  ribosomes,  rough  endoplasmic  reticulum,  Golgi 
apparatus,  and  mitochondria. 

The  most  relevant  damage  occurring  in  alcoholic  liver  disease  is  detectable  in 
mitochondria  (which  provide  the  energy  for  biosynthesis),  that  is  the  abnormal 
mitochondrial  activity  might  be  the  cause  of  a  decreased  protein  C  serum  level. 

However,  further  investigation  is  suggested  to  determine  if  the  rough  endoplasmic 
reticulum  (in  which  protein  synthesis  occurs),  and/or  Golgi  apparatus  (in  which  carbo¬ 
hydrates  are  added  to  the  proteins)  may  be  involved. 

Ultrastuctural  studies  of  hepatocytes  in  alcoholic  liver  disease  demonstrated  several 
mitochondrial  alterations:  swelling,  crystalline  inclusions,  disruption  of  the  outer 
mitochondrial  membrane.  The  most  common  mitochondrial  change  is  elongation  of 
the  cristae  and  their  aggregation.  In  some  cases  a  loss  of  normal  mitochondrial  matrix 
granules  is  observed.  Alterations  of  the  rough  endoplasmic  reticulum  are  not 
specific^^. 

It  is  not  surprising  that  severe  liver  disease  is  often  associated  with  bleeding  ten¬ 
dencies.  Although  the  liver  is  a  major  source  of  coagulation  factors,  it  must  be  under¬ 
stood  that  chronic  liver  failure  induces  a  number  of  non-hematologic  abnormalities 
that  may  contribute  to  bleeding.  Portal  hypertension  with  formation  of  esophageal 
varices,  changes  in  gastric  mucus  composition  and  increased  acid  secretion  which  may 
cause  peptic  ulceration  are  important  sources  of  bleeding  in  severe  liver  disease.  Por¬ 
tal  hypertension  also  causes  splenomegaly  and  concomitant  thrombocytopenia  that 
exacerbate  mechanical  causes  of  bleeding. 

Along  with  a  generalized  decrease  synthetic  rate  of  all  Vitamin  K-dependent  pro¬ 
teins  in  liver  failure,  a  marked  reduction  of  the  major  inhibitors  of  these  factors  exist 
thereby  causing  an  imparied  clearance  of  their  activated  forms.  Overt  disseminated 
intravascular  coagulation  may  occur  and  with  further  fall  of  platelet  count,  fibrinogen 
level  and  increase  in  fibrin  degradation  products,  exacerbation  of  bleeding  may  result. 
Patients  with  liver  disease  have  a  complex  coagulation  disorder  that  may  pose  con¬ 
siderable  problem  to  the  clinician. 

As  a  result  of  this  study  we  can  conclude  that  in  liver  diseases  where  hepatocellular 
damage  is  prominent,  protein  G  production  is  severely  restricted.  Moreover,  the 
amount  of  protein  G  produced  is  dependent  on  the  extent  of  cell  damage. 

Further  investigation  is  warranted  to  examine  protein  G  production  in  chronic 
liver  diseases  at  the  ultrastructural  level  by  using  more  sensitive  techniques  including 
Immunoelectron  Microscopy. 
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ABSTRACT 

The  formaldehyde  used  to  preserve  cadavers  may  be  harming  some  students 
and  teachers  in  the  gross  anatomy  laboratory.  Merely  reducing  the  hours  spent  in 
dissection  would  reduce  the  risk,  but  would  also  jeopardize  the  professional  prepara¬ 
tion  of  future  physicians.  If  the  gross  anatomist  in  charge  manages  the  dissection 
laboratory  in  the  way  hereafter  described,  dissection  time  can  be  reduced  by  a  third 
at  the  same  time  that  student  performance  can  actually  be  improved. 

INTRODUCTION 

A  study  by  Robert  Spear  of  the  University  of  California  at  Berkeley  was  inter¬ 
preted  by  him  and  by  Richard  Wade  of  the  California  Occupational  Safety  and 
Health  Administration  to  mean  that  formaldehyde  was  inducing  chromosomal 
changes  in  medical  students  dissecting  cadavers,  according  to  news  report  in  The 
New  Physician  (Anonymous,  1982).  Even  if  the  Berkeley  report  of  sister  chromatid 
exchange  is  never  confirmed  in  other  laboratories,  and  studies  reporting  sister  chro¬ 
matid  exchange  are  notoriously  difficult  to  replicate  (Ciaravino  et  al.,  1985),  there 
have  been  other  ominous  studies  suggesting  what  formaldehyde  may  be  doing  to 
some  of  the  people  exposed  to  it.  For  example,  in  anatomists  the  incidence  of  brain 
cancer  is  higher  than  in  control  populations  not  exposed  to  formaldehyde,  according 
to  N.E.  Stroup  (Levine  et  al.,  1984).  The  likelihood  that  formaldehyde  is  responsible 
for  additional  toxic,  mutagenic,  and  carcinogenic  effects  was  mentioned  in  a  study 
from  the  U.S.  National  Cancer  Institute  (Grafstrom  et  al.,  1983).  A  link  between 
formaldehyde  and  neurobehavioral  and  respiratory  symptoms  was  pointed  out  by 
Kilburn’s  group  (1985).  No  wonder  Norwegian  anatomists  have  stressed  the  desira¬ 
bility  of  embalming  cadavers  with  preservatives  less  dangerous  to  dissectors  than 
formaldehyde  (Frolich  et  al.,  1984). 
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Those  who  work  with  cadavers  can  no  longer  ignore  such  warnings  or  wait  for 
regulatory  safeguards  to  be  legislated.  Prudence  would  advise  them  to  take  precau¬ 
tions  in  the  meantime,  and  to  seek  ways  of  reducing  the  hours  spent  in  dissection, 
thereby  reducing  cumulative  exposure  to  formaldehyde  vapor  and  liquid,  hopefully 
below  threshold  levels.  There  is  a  dilemma  here,  however,  for  would-be  physicians 
and  surgeons  must  acquire  the  knowledge  of  anatomy  that  comes  only  with  dissec¬ 
tion.  It  turns  out,  though,  there  is  an  escape  from  the  dilemma,  provided  teachers 
and  learners  increase  their  efficiency  in  the  laboratory.  Our  laboratory  has  made 
a  beginning  with  the  adoption  of  laboratory  practices  which  permit  the  dissector 
to  reduce  dissecting  time  by  a  third  without  concomitant  learning  deficits — to  six 
hours  a  week  from  nine  hours  a  week,  i.e. ,  a  reduction  of  42  hours  of  formaldehyde 
exposure  in  the  first  half  of  a  dissection  course  lasting  28  weeks.  The  principal  innova¬ 
tion,  appreciated  by  the  students  and  referred  to  by  them  as  a  “Go-Round,”  can 
be  described  as  follows. 


METHODS 

Every  week  the  six  students  at  a  table  choose,  from  a  list  of  20-40  important  struc¬ 
tures  dissected  that  week,  4-6  they  think  are  especially  well-shown  on  their  cadaver. 
Using  pins  whose  heads  are  differently  colored,  they  pin  the  chosen  structures  and  place 
a  color-coded  key  near  by.  Next  they  have  their  identification  corroborated  by  the 
instructor,  who  may  modify  the  display  in  order  to  (1)  avoid  undue  duplication  of 
what  is  better  shown  elsewhere;  (2)  make  sure  that  each  item  on  the  list  is  pinned 
on  at  least  one  cadaver;  (3)  reduce  the  excessive  scatter  of  pins  by  confining  them 
to  a  particular  region  on  one  side  of  the  cadaver  so  that  students  whose  display  has 
been  approved  can  continue  working  on  the  unpinned  side  while  waiting  for  the 
instructor  to  finish  approving  other  displays;  and  finally,  (4)  make  sure  each  display, 
by  itself  or  in  conjunction  with  others,  conveys  concepts  and  is  not  merely  a  collec¬ 
tion  of  randomly  pinned  structures.  For  example,  one  display  of  the  femoral  triangle 
might  pin  its  three  borders — the  inguinal  ligament,  the  sartorius  muscle,  the  adductor 
longus  muscle —  and  its  principal  contents:  the  femoral  artery,  vein,  and  nerve.  A 
second  display  might  show  the  two  muscles,  pectineus  and  iliopsoas,  which  make 
up  the  floor  of  the  femoral  triangle  and  come  into  unobstructed  view  when  the  blood 
vessels  and  nerves  overlying  them  are  removed.  Also  pinned  in  the  same  display  should 
be  the  insertion  of  the  iliopsoas  muscle  into  the  lesser  trochanter  of  the  femur,  the 
two  divisions  of  the  obturator  nerve,  and  the  adductor  brevis  and  adductor  magnus 
muscles.  A  third  display  could  show  how  removal  of  the  femoral  triangle’s  veins  and 
nerves  uncovers  its  arterial  tree:  the  femoral,  deep  femoral,  lateral  and  medial  femoral 
circumflex,  perforating — to  mention  the  larger  branches.  Other  displays  might  point 
out  items  having  great  clinical  significance:  a  probe  inserted  into  the  femoral  canal 
to  show  the  site  where  femoral  hernias  occur;  a  string  tied  around  the  great  saphenous 
vein,  which  is  sometimes  used  in  coronary  bypass  surgery;  enlarged  inguinal  lymph 
nodes;  and  so  on,  for  15  tables.  When  all  the  displays  have  been  approved,  the  “Go- 
Round”  starts.  On  command,  each  group  of  six  students  moves  together  to  the  adjoin¬ 
ing  table,  where  they  inspect  the  display  thereon  for  three  minutes.  They  position 
themselves  three  on  a  side,  and  after  about  a  minute  switch  sides  so  that  each  student 
views  the  display  from  two  vantage  points.  They  are  instructed  not  to  touch  the  dis¬ 
plays  and  to  curtail  conversation.  This  process  is  repeated,  again  and  again  on  com- 
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mand,  until  each  group  has  viewed  every  table  and,  by  following  a  definite  itinerary 
through  the  laboratory,  has  arrived  back  where  they  started.  Then  for  15  minutes 
more,  students  are  free  to  move  about  individually  and  look  at  whatever  they  please 
before  the  pins  are  removed.  A  “Go-Round”  for  15  tables  takes  an  instructor  and 
two  teaching  assistants  45-75  minutes  to  organize,  and  45-50  minutes  more  are  required 
for  15  groups  to  move  sequentially  to  15  tables  and  spend  approximately  three  minutes 
at  each. 


RESULTS  AND  DISCUSSION 

As  measured  by  their  performance  on  practical  examinations  comparable  in  dif¬ 
ficulty  to  those  given  in  the  past,  the  majority  of  students  are  now  brought  up  to 
a  level  of  performance  that  was  attained  by  only  a  few  students  when  the  dissection 
course  was  taught  in  the  traditional  way.  (Table  1)  There  is  no  reason  to  suppose 
that  the  students  who  now  do  better  are  brighter  or  have  a  better  background  than 
those  that  had  been  taught  in  the  traditional  way. 

One  can  list  six  additional  benefits  of  the  “Go-Round.”  First,  it  forces  every  student 
to  learn  from  every  cadaver  in  the  laboratory,  and  makes  up  for  the  fact  that  some 
students  are  handicapped  by  the  cadavers  assigned  them:  cadavers  that  are  amputees, 
that  have  muscles  atrophied  from  chronic  disease  or  aging,  that  have  viscera  undis- 
sectable  from  cancer  or  missing  after  surgery,  e.g.,  hysterectomy;  that  are  obese  to 
the  point  their  oil-soaked  blood  vessels  and  nerves  break  and  go  unidentified  during 
dissection;  that  are  so  fetid  and  repugnant  that  even  conscientious  students  lose  their 
motivation,  and  instructors  and  teaching  assistants  tend  to  bypass  or  spend  less  time 
at  such  a  table.  Second,  the  “Go-Round”  enables  students  who  are  poor  dissectors 
to  learn  from  the  dissections  of  classmates  who  are  more  skilled,  more  careful,  more 
motivated,  or  more  lucky.  Third,  the  “Go-Round”  makes  it  possible  to  have  different 
dissection  techniques  used  on  different  cadavers,  and  since  no  one  technique  shows 
all  structures  equally  well,  every  student  will  see  what  each  technique  optimally  shows. 
Fourth,  the  “Go-Round”  compensates  somewhat  for  the  fact  that  instructors  and  teach¬ 
ing  assistants  tend  to  spend  too  much  time  with  students  they  find  congenial  and  too 
little  time  with  those  they  don’t.  Fifth,  because  the  students  learn  so  much  from  “Go- 
Rounds,”  the  time-honored  practice  of  impressing  the  departmental  embryologist, 
histologist,  neuroanatomist,  and  immunologist  into  the  service  of  the  gross  anatomy 
laboratory  can  be  given  up  with  impunity.  While  their  presence  makes  the  teacher- 
to-student  ratio  look  better  on  paper,  the  dissection  laboratory  runs  smoother  without 
them.  Their  skimpy  (cf.  Skandalakis,  1984)  knowledge  of  cadaver  dissection  is  a  source 
of  embarrassment  to  themselves  and,  anxious  not  to  reveal  to  the  students  how  little 
they  know  of  gross  anatomy,  they  talk  about  almost  anything  other  than  the  dissection 
at  hand,  and  make  themselves  a  magnet  for  students  who  will  use  any  pretext  to 
avoid  working  on  the  cadaver.  This  encouragement  of  shirkers  is  unfair  to  students 
who  do  dissect  and  detracts  from  the  professional  education  of  those  who  don’t.  Sixth, 
given  the  litigiousness  of  the  times,  the  “Go-Round”  is  an  institutional  safeguard  against 
the  charge  that  the  institution  is  culpable  of  a  callous  disregard  for  student  welfare 
(cf.  Smalky  and  Schor,  1984). 

Although  the  foregoing  account  of  the  benefits  of  the  “Go-Round”  may  have  con¬ 
vinced  some  readers  that  “Go-Rounds”  ought  to  be  tried  more  widely,  there  are  many 
gross  anatomists  who  will  resist  changing  their  ways.  There  are  indications,  however. 
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that  gross  anatomists  may  have  to  change  anyway,  however  strongly  they  may  object 
and  whatever  their  objections  may  be.  First,  the  U.S.  Department  of  Health  and 
Human  Services  held  a  “Consensus  Workshop  on  Formaldehyde”  in  1983.  Second, 
the  U.S.  National  Institute  for  Occupational  Safety  and  Health  could  get  around  to 
arguing  that  the  gross  anatomy  laboratory  is  a  workplace  for  teachers,  teaching  assis¬ 
tants,  janitorial  and  maintenance  staff,  not  to  mention  students.  Third,  the  U.S. 
National  Science  Foundation,  the  U.S.  National  Endowment  for  the  Humanities,  and 
the  Hastings  Center  together  sponsored  in  1983  a  symposium  titled  “Ethical  Issues 
in  the  Management  of  Occupational  Hazard.”  Given  these  portents,  it  is  only  a  matter 
of  time  until  the  regulators  turn  their  attention  to  the  cadaver  laboratory.  There  they 
will  encounter  the  defenders  of  the  status  quo  and  of  the  traditional  that  the  gross 
anatomy  laboratory  is  Medicine’s  “boot  camp”  (cf.  Starr,  1982),  but  the  regulators 
will  also  find  allies  in  enlightened  educators  like  Harvard’s  President  Derek  Bok  (1984), 
who  said  of  medical  education  it  is  not”  .  .  .  fair  to  justify  the  status  quo  as  some 
sort  of  test  or  initiation  rite  that  will  strengthen  the  character  of  students.”  If  regulators 
encounter  innovations  such  as  the  “Go-Round”,  they  may  conclude  that  there  are 
ways  of  simultaneously  safeguarding  student  health  and  optimizing  student  learning, 
if  only  one  relinquishes  the  sadism,  arrogance,  and  mismanagement  that  long  have 
masqueraded  as  “building  student  character.” 
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Table  I.  How  students  taught  by  “Go-Round”  method  performed  on  practical 
examinations  as  compared  to  students  taught  by  traditional  method. 


Number  of  students  whose  two  practical  grades 

totaled  between: 

Total 

Method 

40  -  49  50  -  59  60  -  69  70  -  79  80  -  89  90  -  100 

Students 

Traditional 

I  5  13  25  29  3 

76 

Go-Round 

0  1  4  6  30  34 

75 
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ABSTRACT 

Chitin  is  a  natural,  abundant,  resistant  aminopolysaeeharide.  Samples  taken 
from  several  aquatic  ecosystems  indicate  that  chitinolytic  bacteria  seem  to  be  most 
abundant  in  habitats  with  high  levels  of  dissolved  oxygen,  high  levels  of  total  organic 
carbon,  and  agitation  of  the  water.  This  correlates  with  the  high  levels  of  chitino¬ 
lytic  bacteria  found  in  streams  and  may  be  due  in  part  to  soil  humus  in  runoff.  Bac¬ 
teria  identified  as  chitinolytic  included  species  of  Klebsiella,  Proteus,  Serratia,  and 
Pseudomonas.  Species  of  Klebsiella  and  Proteus  have  not  previously  been  recorded 
as  chitinolytic. 


INTRODUCTION 

Chitin  is  a  stable,  unbranched,  aminopolysaeeharide  (Aspinall,  1970)  found  in 
the  exoskeleton  of  arthropods,  in  cell  walls  of  fungi,  in  some  green  algae,  in  nema¬ 
tode  eggs,  and  the  covering  of  fecal  pellets  of  many  zooplankton  (Gray  and  Wil¬ 
liams,  1971  and  Rheinheimer,  1980).  It  is  the  second  most  abundant  polymer  in 
nature;  only  cellulose  is  more  abundant  (Rawls,  1984). 

Because  of  its  abundance  there  is  a  potential  for  chitin  to  accumulate  in  both 
aquatic  and  terrestrial  systems.  The  potential  for  accumulation  is  enhanced  by  the 
fact  that  the  degradation  of  chitin  is  a  slow  process  (Gray  and  Williams,  1971). 

*Current  address:  Department  of  Biological  Sciences,  University  of  Wisconsin-Milwaukee,  P.O. 

Box  413,  Milwaukee,  WI  53201.  Reprint  requests  and  correspondence  should  be  sent  to  RJW. 
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The  degradation  of  chitin  is  important,  not  only  to  avoid  its  accumulation,  but  also 
to  return  carbon  and  nitrogen  to  their  respective  nutrient  cycles  (Warnes  and  Ran¬ 
dles,  1977  and  1980). 

Chitin  is  aerobically  broken  down  by  the  bacterial  exoenzyme  chitinase.  The 
limiting  step  in  this  degradation  is  the  cleavage  of  chitin  into  N-acetyl-D-glucosamine 
(NAGA)  fragments  by  chitinase.  Chitinase  degradation  of  chitin  produces  small 
amount  of  NAGA  along  with  large  amounts  of  chitobiose  and  chitotriose.  Chitobi- 
ose  and  chitotriose  are  rapidly  degraded  by  the  enzyme  chitobiase  into  NAGA  units 
which  eventually  produces  primarily  glucose  and  ammonia  (Gray  and  Williams, 
1971  and  Rheinheimer,  1980). 

Sixteen  genera  of  bacteria  that  occur  in  fresh  water  contain  species  known  to 
degrade  chitin.  These  include  Achromobacter,  Aerornonas,  Alcaligenes,  Bacillus, 
Beneckea,  Chromohacterium,  Cytophaga,  Flavobacterium,  Micrococcus, 
Micromonospora,  Norcardia,  Pseudomonas,  Serratia,  Streptomyces,  Vibrio,  and 
Zymomonas  (Kuznetsov,  1970;  Gray  and  Williams,  1971;  and  Srikantaiah  and 
Mohankumar,  1980). 

The  purpose  of  this  research  was  to  identify  the  chitinolytic  bacteria  in  various 
aquatic  systems. 


MATERIALS  AND  METHODS 

In  this  study  nine  different  aquatic  systems  were  sampled.  A  single  sample  was 
taken  one  meter  above  the  bottom  or  at  the  midpoint  of  the  water  column  if  the 
depth  was  less  that  one  meter.  Two  hundred  ml  water  samples  were  collected  using 
a  sterile  sampler  and  transferred  to  a  sterile  glass  bottle  with  a  ground  glass  stop¬ 
per.  The  samples  were  brought  back  to  the  lab  and  processed  within  one  hour.  Vis¬ 
ual  evidence  of  water  agitation  was  recorded.  Dissolved  oxygen  was  determined 
in  the  field  using  a  Hach  kit  (Model  OX-DT).  The  pH  was  determined  using  a  Reek- 
man  Century  SS  pH  meter. 

Total  organic  carbon  was  measured  by  placing  fifty  ml  subsamples  in  preweighed 
evaporation  dishes.  The  water  was  evaporated  in  a  drying  oven  at  110  C.  The  dishes 
were  cooled  in  a  desiccator,  and  weighed  to  ascertain  total  solids.  They  were  then 
placed  in  a  muffle  oven  at  500  C  for  twenty-four  hours.  The  dishes  were  again  cooled 
in  a  desiccator  and  weighed.  The  difference  between  the  weight  of  the  evaporation 
dish  after  evaporation  and  the  weight  after  combustion  represents  the  total  volatile 
compounds  and  approximates  the  total  organic  carbon  in  the  sample.  The  grams  of 
organic  carbon  divided  by  the  amount  of  water  sample  yields  the  grams  of  total  organic 
carbon  per  liter  of  water  sampled. 

Total  organic  carbon  was  measured  to  see  whether  it  correlates  with  the  density 
of  chitinolytic  bacteria.  Such  a  correlation  seems  logical  since  organic  carbon  is  neces¬ 
sary  as  an  energy  source  for  bacterial  growth  and  some  of  the  organic  carbon  can 
be  expected  to  be  in  the  form  of  chitin,  a  substrate  for  the  growth  of  chitinolytic 
bacteria. 

To  test  for  the  presence  of  chitinolytic  bacteria  in  the  water  samples,  chitin  agar 
was  prepared  by  using  5/6  strength  Difeo  Nutrient  Agar  enriched  with  one-half  per¬ 
cent  purified  chitin  powder  from  crab  shells  which  was  purchased  from  Sigma  chem¬ 
ical  company.  A  one  ml  subsample  from  each  water  sample  was  mixed  with  5 
milliliters  of  melted  and  cooled  (48  G)  chitin  agar  and  was  poured  as  an  overlay  on 
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top  of  a  normal  strength  nutrient  agar  base  in  a  sterile  petri  plate.  Serial  dilutions 
were  conducted  for  each  sample  and  treated  in  the  same  manner. 

The  plates  were  checked  at  twelve  and  twenty-four  hours  for  evidence  of  total 
bacterial  numbers  as  colony  forming  units  (CFU)  and  chitinolytic  bacterial  activity 
(CPU’s)  as  indicated  by  a  zone  of  clearing  in  the  chitin  around  the  colonies.  Obser¬ 
vations  for  chitinolytic  activity  were  continued  daily  for  three  weeks.  Numbers  of 
colonies  for  each  sample  were  recorded  from  the  undiluted  sample  or  the  dilution 
which  gave  30  to  300  colonies  per  plate. 

Colonies  which  appeared  to  be  chitinolytic  were  streaked  on  chitin  agar  plates 
to  ensure  chitinolytic  activity  of  pure  cultures.  Standard  tests  were  conducted  to  iden¬ 
tify  each  colony  to  species. 

Five  lentic  systems,  lakes  and  ponds,  and  four  lotie  systems,  including  three  streams 
and  a  slow  flowing  canal  were  sampled.  Lentic  systems  were  sampled  under  two 
different  conditions.  First,  on  calm  or  windless  days,  when  there  were  no  waves  and 
the  water  was  little  agitated.  And  second,  on  windy  days  with  considerable  wave 
action  at  the  surface  of  the  lake  and  agitation  via  undercurrents.  Two  types  of  lotic 
sytems  were  sampled.  One  was  very  slow  flowing,  while  the  second  was  flowing  at 
a  moderate  rate. 


RESULTS  AND  DISCUSSION 

The  bacteria  in  the  samples  which  showed  chitinolytic  activity  included  three 
species  of  the  family  Enterobacteriaceae  which  were  identified  as  Klebsiella  ozae- 
nae,  Proteus  inconstans,  and  Serratia  liquefacians.  No  species  from  either  Klebsiella 
or  Proteus  have  been  previously  reported  to  degrade  chitin.  Three  strains  of  Pseudo¬ 
monas  were  also  distinguished. 

Abundance  and  distribution  of  chitinolytic  bacteria  are  given  in  Table  1.  Popu¬ 
lation  levels  of  both  total  bacteria  and  chitinolytic  bacteria  seem  to  be  positively  related 
to  the  degree  of  agitation  of  the  water.  The  lentic  systems  sampled  on  calm  days  had 
low  numbers  of  total  bacteria  and  chitinolytic  bacteria  per  ml  of  water,  except  for 
the  very  shallow  and  rich  segment  of  the  old  canal.  Slightly  agitated  systems,  the 
lentic  system  sampled  on  a  windy  day  and  slow  flowing  lotic  sytems  had  more  total 
bacteria  and  chitinolytic  bacteria  than  the  lentic  systems  sampled  on  calm  days.  The 
highest  populations  of  both  total  and  chitinolytic  bacteria  were  found  in  the  moder¬ 
ately  flowing  lotic  systems. 

The  degree  of  agitation  apparently  affects  the  location  of  chitin  and  chitinolytic 
bacteria  in  the  system.  In  calm  waters  the  heavy  chitin  likely  settles  out  of  the  water 
column  into  the  bottom  sediments.  When  the  water  is  sufficiently  agitated,  the  chitin 
probably  becomes  and  remains  suspended  in  the  water  column. 

High  populations  of  chitinolytic  bacteria  also  seemed  to  demand  high  levels  of 
organic  carbon.  However,  some  systems  which  had  a  high  level  of  organic  carbon 
per  gram  of  water  supported  no  detectable  chitinolytic  bacteria.  Saganashkee  Slough 
had  about  the  same  suspended  organic  carbon  per  liter  of  water  as  Tampier  Creek. 
Saganashkee  Slough  had  no  detectable  chitinolytic  bacteria  while  Tampier  Creek  sup¬ 
ported  up  to  120,000  per  ml  of  water.  Thus,  although  high  suspended  organic  car¬ 
bon  may  be  necessary  for  high  levels  of  chitinolytic  bacteria,  it  does  not  ensure  a 
high  population  of  chitinolytic  bacteria.  It  appears  that  in  addition  to  high  levels 
of  suspended  organics,  agitation  may  also  help  keep  chitin  and  bacteria  in  suspension. 
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Aerobic  chitinolytic  activity  is  well  known.  Anaerobic  chitinolytic  activity,  but 
at  a  much  slower  rate,  has  been  suggested  by  Warnes  and  Randles  (1977  and  1980). 
Therefore,  the  relationship  of  chitinolytic  activity  to  the  dissolved  oxygen  concentra¬ 
tions  was  examined.  Crooked  Creek,  with  a  dissolved  oxygen  concentration  of  13.1 
mg/ml,  supported  about  190,000  chitinolytic  bacteria  per  ml  of  water.  Those  sys¬ 
tems  with  little  oxygen,  such  as  the  Cal-Sag  Canal,  with  1.2  mg/ml,  had  no  detectable 
chitinolytic  bacteria.  However,  a  high  dissolved  oxygen  concentration  alone  is  not 
sufficient  to  support  a  high  density  of  chitinolytic  bacteria.  Stormy,  well  agitated 
Lake  Michigan,  with  a  dissolved  oxygen  concentration  of  13.7  mg/ml  supported  a 
population  of  only  13  chitinolytic  bacteria  per  ml.  This  probably  relates  to  the  fact 
Lake  Michigan  was  also  lowest  in  total  organic  carbon  per  L  of  water. 

We  also  tested  our  four  species  of  chitinolytic  bacteria  in  the  Enterobacteriaceae 
for  chitinolytic  activity  under  anaerobic  conditions.  Each  of  the  four  species  was  inoc- 
culated  on  chitin  agar  plates  as  described  previously.  These  plates  were  placed  in 
a  candle  jar  and  kept  in  anaerobic  conditions  for  21  days.  No  chitinolytic  activity 
occurred  in  this  time  period.  Although  the  data  of  Warnes  and  Randles  (1980)  indi¬ 
cates  the  possibility  of  chitinolytic  activity  in  anaerobic  sediments,  this  needs  further 
investigation. 

Streams  which  were  high  for  all  three  parameters,  agitation,  total  organic  car¬ 
bon,  and  dissolved  oxygen,  had  the  highest  populations.  This  is  probably  due  at  least 
in  part  to  soil  humus  which  is  carried  into  streams  with  surface  run-off.  Soil  humus 
not  only  contains  soil  bacteria,  but  also  decaying  fungi,  nematode  eggs,  arthropod 
exoskeletons,  and  other  sources  of  chitin. 

The  pH  of  the  samples  ranged  from  7.3  to  8.7.  Bacterial  growth,  both  total  and 
chitinolytic,  seemed  to  be  independent  of  pH  in  this  range. 

SUMMARY 

The  data  reported  in  this  paper  suggestes  a  relationship  between  dissolved  oxy¬ 
gen  levels,  total  organic  carbon  concentration,  agitation  of  the  water  and  chitino¬ 
lytic  bacterial  levels.  When  all  three  were  high,  high  numbers  of  chitinolytic  bacteria 
were  present.  High  total  organic  carbon  and  high  dissolved  oxygen  levels  were  related 
to  agitation.  Streams  which  were  high  for  all  three  parameters  had  the  highest  popu¬ 
lations.  This  is  probably  due  at  least  in  part  to  soil  humus  which  is  carried  into  streams 
with  surface  run-off.  Soil  humus  not  only  contains  soil  bacteria,  but  also  decaying 
fungi,  nematode  eggs,  arthropod  exoskeletons,  and  other  sources  of  chitin.  Future 
studies  measuring  actual  levels  of  chitin  and  the  ratio  of  chitin  to  other  suspended 
organics  would  be  useful. 
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Table  I.  List  of  sample  sites,  dissolved  oxygen  in  mg/ml,  total  organic  carbon  (TOC) 
in  mg/ml,  pH,  colony  forming  units  of  bacteria  per  milliliter  (CPU)  and 
chitinolytic  bacteria  per  milliliter  (as  CPU). 


Sample 

Dissolved 

Oxygen 

TOC 

(mg/ml) 

pH 

CFU  of 
Bacteria 

Chitinolytic 

Bacteria 

Lentic,  Calm  Day 

Saganashkee  Slough 

6.5 

106 

7.6 

2000 

0 

Maple  Lake 

10.8 

71 

8.4 

2000 

0 

Canal  Segment 

7.8 

118 

7.6 

10300 

100 

Lentic,  Windy  Day 

Lake  Michigan 

13.7 

35 

8.3 

282 

13 

Limestone  Quarry 

13.8 

88 

8.7 

19100 

100 

Lotic,  Little  Plow 

Cal-Sag  Canal 

1.2 

78 

7.3 

17400 

0 

Lotic,  Moderate 

Stoney  Creek 

9.1 

213 

7.7 

TNTC* 

140000 

Crooked  Creek 

13.1 

144 

7.9 

TNTC 

190000 

Tam  pier  Creek 

12.1 

102 

8.3 

TNTC 

120000 

*Too  Numerous  To  Gount 
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FALCAUSTRA  ELONGATA  (RUDOLPHI 
1819)  (NEMATODA:  KATHLANIIDAE)  IN 
AMBYSTOMA  SP.  FROM  MEXICO 


William  G.  Dyer 
Department  of  Zoology 
Southern  Illinois  University  at  Carbondale 
Carbondale,  IL  62901 


ABSTRACT 

Falcaustra  elongata  is  reported  in  Ambystorna  sp.  from  Laguna  Atexeae,  Laguna 
Queeholac,  and  Laguna  de  la  Mina  Preciosa,  Puebla,  Mexico. 

INTRODUCTION 

The  majority  of  reports  on  the  helminths  of  amphibians  from  Mexico  are  con¬ 
fined  primarily  to  the  parasties  of  anurans.  There  exists  a  paucity  of  information 
on  the  helminth  fauna  of  salamanders  from  this  region.  The  present  report  is  an 
account  of  a  nematode  parasite  detected  in  Ambystorna  sp.  from  three  lakes  in  the 
Mexican  state  of  Puebla. 

RESULTS  AND  DISCUSSION 

Eighteen  female  and  seven  male  Falcaustra  elongata  were  found  in  eighty-five 
Ambystorna  sp  collected  by  Dr.  Ronald  A.  Brandon,  Southern  Illinois  University, 
during  July  1981  from  Laguna  Queeholac,  Laguna  Atexeae,  and  Laguna  de  la  Mina 
Preciosa,  Puebla,  Mexico.  This  nematode  was  first  described  from  Ambystorna 
mexicanum  by  Baird  (1858)  and  assigned  to  the  genus  Leptodera  Dujardin  1845. 
Walton  (1932)  redescribed  it  from  the  type  material  and  transferred  it  to  the  genus 
Spironoura  Leidy  1856.  Although  the  original  label  documents  Baird’s  identifica¬ 
tion  of  the  type  host  as  A.  mexicanum  “Leptodera  elongata,  Baird,  1858,  ex  ints., 
Siredonis  mexicani.  Sir  W.  Jardin,  Bart.”;  fide  Walton,  1932),  Walton  followed 
the  general  opinion  of  earlier  workers  that  A.  mexicanum  and  A.  tigrinurn  were 
the  same  species,  and  listed  the  type  host  as  A.  tigrinurn.  Caballero  and  Bravo  Hollis 
(1938)  did  likewise  in  their  redescription  of  Spironoura  (  =  Falcaustra)  elongata  based 
on  four  male  and  five  female  worms  taken  from  the  large  intestine  of  hosts  from 
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Lake  Xochimilco.  Freitas  and  Lent  (1941),  in  a  revision  of  the  subfamily  Kathlanii- 
nae,  transferred  S.  elongate  to  the  genus  Falcaustra  Lane  1915. 

Our  specimens  are  longer  than  those  studied  by  Walton  (1932),  but  they  agree 
very  closely  with  the  description  of  F.  elongate  as  given  by  Caballero  and  Bravo 
Hollis  (1938)  with  some  slight  variability  in  the  position  of  the  male  postanal  papillae. 
Dyer  and  Brandon  (1973)  reported  this  nematode  in  A.  tigrinum  from  Nopaltepec 
and  Xochimilco,  Mexico,  in  A.  subsalsum  from  Laguna  Alchichica,  Puebla,  in  A. 
lacustria  from  Laguna  Zumpango,  Mexico,  and  A.  sp.  from  Zacapu,  Michoacan. 
This  constitutes  the  second  report  of  F.  elongate  from  Ambystoma  in  the  Mexican 
state  of  Pueblo  and  the  first  from  the  specific  localities  of  Laguna  Quecholac,  Laguna 
Atexcac,  and  Laguna  de  la  Mina  Preciosa  within  that  state. 
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ABSTRACT 

Of  473  dusky  salamanders  (Desmognathus  fuscus)  examined  for  urinary  blad¬ 
der  digenetie  flukes,  2  (0.5%)  were  infected  with  Phyllodistomum  solidum.  This 
constitutes  the  first  report  of  this  parasite  in  Desmognathus  fuscus  from  Illinois. 

INTRODUCTION 

Little  is  known  concerning  the  helminth  parasites  of  salamanders  in  the  mid- 
western  region  of  the  contiguous  United  States  and  especially  so  in  Illinois.  Although 
the  biology  and  habitats  of  several  species  of  salamanders  in  Illinois  have  been  inves¬ 
tigated  comprehensive  surveys  conducted  on  their  helminth  parasites  have  been  few. 
Landewe  (1963)  examined  11  species  of  salamanders  from  various  localities  in  south¬ 
ern  Illinois,  but  unfortunately  did  not  publish  the  results  of  his  studies.  Dyer  and 
Brandon  (1973)  studied  the  intestinal  helminths  of  three  sympatric  species  of  cave¬ 
dwelling  salamanders  Plethodon  dorsalis,  P.  glutinosus  and  Eurycea  lucijuga)  col¬ 
lected  in  Equality  Cave,  five  miles  southwest  of  Equality,  Saline  County,  Illinois. 
A  checklist  of  similar  helminths  from  salamanders  reported  from  other  areas  of  the 
contiguous  United  States  is  also  included  in  this  report.  Later,  Dyer  et  al.  (1980) 
investigated  the  relationship  of  prevalence  and  intensity  of  helminth  parasitism  to 
age  and  sex  of  Desmognathus  fuscus.  Price  and  St.  John  (1980)  listed  the  helminths 
from  Ambystoma  texanum  captured  in  Williamson  County. 

The  present  report  includes  information  on  a  digenetie  fluke  heretofore 
unreported  in  Desmognathus  fuscus  in  Illinois. 


291 


292 


MATERIALS  AND  METHODS 

Four  hundred  seventy-three  Desmognathus  fuscus  (USNM  210200-210672)  were 
collected  in  Pulaski  County,  southern  Illinois  between  September  7,  1974,  and  April 
14,  1978,  as  part  of  a  study  of  their  reproductive  ecology.  The  study  area  in  Chest¬ 
nut  Hills  Nature  Preserve  is  characterized  by  spring- fed  streams  in  a  mature  forest 
of  beech  and  oak  in  deep  ravines  fronting  the  Ohio  River.  Salamander  collections 
were  made  under  permits  from  the  Illinois  Department  of  Conservation,  the  Illinois 
Nature  Preserves  Commission,  and  the  Illinois  Endangered  Species  Protection  Board. 

The  animals  were  killed  in  Chlorotone,  fixed  in  10%  formalin,  and  preserved 
in  70%  ethyl  alcohol.  Trematodes  detected  in  the  urinary  bladder  were  stained  with 
Harris’  hematoxylin,  cleared  in  beechwood  creosote,  and  mounted  in  Canada  bal¬ 
sam  according  to  standard  parasitological  procedures  as  given  by  Meyer  and  Olsen 
(1977). 


RESULTS  AND  DISCUSSION 

Two  specimens  of  Phyllodistomiim  solidum  (0.5  % )  were  detected  in  the  urinary 
bladder  of  473  Desmognathus  fiiscus.  This  digenetic  fluke  was  first  described  from 
the  urinary  bladder  of  Des7nognathusf.  fuscus  from  Durham,  North  Carolina  (Rankin, 
1937).  Coodchild  (1940)  in  a  research  note,  briefly  indicated  its  life  cycle.  Later, 
Groves  (1945)  elaborated  with  a  detailed  ecological  study  of  this  fluke,  reporting  it 
in  4.7%  of  966  D.  f.  fuscus  from  Licking  County,  Ohio.  This  parasite  has  also  been 
reported  from  Eurycea  hislineata.  The  finding  of  P.  solidum  in  D.  fuscus  from  Illinois 
represents  the  first  report  of  this  fluke  in  P.  solidum  in  the  state  and  constitutes  an 
extension  of  its  known  geographic  range. 
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ABSTRACT 

The  first  collection  of  the  greater  redhorse  (Moxostorna  valenciennesi  Jordan) 
in  Illinois  since  1901  is  described. 


The  inclusion  of  the  greater  redhorse  Moxostorna  valenciennesi)  in  the  indigenous 
fish  fauna  of  Illinois  is  based  on  the  collection  of  one  specimen  from  Salt  Creek 
(DuPage  County)  in  1901  (Smith  1979).  It  has  not  been  reported  from  Illinois  waters 
since,  and  Smith  (1979)  considered  it  as  long  extirpated  from  the  states  ichthyofauna. 

On  July  30,  1985,  the  author  collected  a  single  specimen  (total  length  =  403 
mm)  by  electrofishing  in  the  Illinois  River  at  River  Mile  249.  Approximately  45 
minutes  of  additional  effort  between  RM  249  and  249.7  failed  to  yield  any  addi¬ 
tional  specimens.  The  single  specimen  collected  was  verified  by  Dr.  Lawrence  Page 
of  the  Illlinois  Natural  History  Survey  (INKS)  and  it  has  been  deposited  in  the  INKS 
museum  as  INKS  69169. 

Although  the  species  occurs  in  the  upper  Great  Lakes  region  from  Minnesota 
eastward  to  New  York,  it  is  considered  uncommon  or  rare  throughout  much  of  its 
range  (Jenkins  1970).  Although  unreported  since  1901  in  Illinois,  it  was  collected 
in  the  mid-70’s  from  the  Rock  River  and  Turtle  Creek  in  adjacent  Rock  County, 
Wisconsin  (Fago  1982).  It  apparently  is  more  widely  distributed  in  Wisconsin  than 
in  any  other  state,  but  even  there  most  records  are  based  on  only  one  or  two  speci¬ 
mens  (Becker  1983).  It  is  also  known  to  occur  immediately  adjacent  to  Illinos  in 
Vigo  County,  Indiana  (Whitaker  and  Wallace  1973).  The  greater  redhorse  is  the 
rarest  of  the  six  redhorse  species  known  from  Illinois.  Golden  redhorse  (Moxostorna 
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erythrurum),  silver  redhorse  (M.  anisurum),  and  shorthead  redhorse  (M.  macro- 
lepidotum)  are  distributed  throughout  Illinois  and  are  locally  common.  River  red¬ 
horse  (M.  carinaturn)  and  black  redhorse  (M.  duquesnei),  though  known  from  a 
variety  of  localities  across  the  state,  are  typically  rare  or  uncommon  (Smith  1979). 
All  six  species  occur  in  the  upper  Illinois  River  system  (Smith  1979,  EA  1984,  this 
report),  but  only  golden,  silver,  and  shorthead  redhorse  are  regularly  collected. 

Because  redhorse  were  only  infrequently  collected  before  the  advent  of  elec¬ 
trofishing  gear,  their  true  historical  abundance  is  difficult  to  determine.  Even  now 
redhorse  often  are  listed  only  as  redhorse  spp.  in  surveys  conducted  by  fish  depart¬ 
ments  in  most  states.  It  seems  safe  to  say,  however,  that  the  greater  redhorse  was 
never  common  nor  widely  distributed  in  Illinois.  The  specimen  collected  from  the 
Illinois  River  presumably  is  part  of  a  larger  population  residing  somewhere  in  the 
Illinois  River  Basin.  It  was  collected  near  the  mouth  of  the  South  Kickapoo  Creek 
but  it  is  highly  unlikely  that  it  would  reside  in  such  a  small  stream.  The  Fox  and 
Big  Vermillion  Rivers  both  join  the  Illinois  River  within  about  20  river  miles  of  this 
record.  Perhaps  one  or  the  other  of  these  rivers  serves  as  a  refugia  for  the  greater 
redhorse.  Additional  collecting  in  the  upper  Illinois  River  mainstem  and  in  some 
of  its  larger  tributaries  seems  warranted. 
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Charles  K.  Carpenter  (1872  -  1948)  was  a  prominent  minister  in  several  com¬ 
munities  in  northern  Illinois  and  a  charter  member  of  the  Illinois  State  Academy 
of  Science  (Schorger  1951).  His  lifelong  avocation  was  making  observations  of  nature 
and  preparing  study  skins  and  life  mounts  of  specimens  collected  in  the  region.  After 
his  retirement  from  the  church  in  1940,  he  organized  the  collections  and  observa¬ 
tions  into  the  “The  Northern  Illinois  Museum  of  Natural  History,”  which  he  main¬ 
tained  at  his  home  in  Baileyville,  Ogle  County,  Illinois.  After  Charles  K.  Carpenter  s 
death  in  1948,  most  of  the  life  mounts  were  given  to  Polo  High  School,  also  in  Ogle 
County,  where  they  remained  until  1983  when  they  were  donated  to  the  Illinois 
State  Museum.  Many  of  the  bird  study  skins,  egg  sets,  and  photographs  were  given 
to  Cornell  College,  Mount  Vernon,  Iowa,  and  in  1985-86  these  collections  were  trans¬ 
ferred  to  the  Illinois  State  Museum. 

Among  the  specimens  exhibited  by  Carpenter  was  a  life  mount  of  a  Passenger 
Pigeon  (Ectopistes  migratorius)  collected  by  his  father,  E.A.  Carpenter  (1846  -  1919), 
on  August  24,  1891,  at  or  near  Baileyville.  After  years  of  handling  by  high  school 
students,  the  Passenger  Pigeon  was  in  deplorable  and  irreparable  condition.  While 
disassembling  the  mount  to  recover  the  skeletal  material,  we  were  delighted  to  find 
a  nearly  complete  skeleton,  along  with  some  dehydrated  muscle  tissue.  Only  the 
femurs  and  part  of  the  synsacrum  had  been  removed  during  original  preparation. 
The  right  wing,  distal  to  the  ulna  and  radius,  was  also  missing,  probably  due  to 
student  misuse.  The  dried  soft  tissue  was  removed  and  sent  to  the  frozen  tissue  bank 
at  Louisiana  State  Univeristy  School  of  Medicine,  New  Orleans,  for  permanent  stor¬ 
age  and  curation  (Number  HCD  5659).  The  skeleton  was  cataloged  691095  in  the 
osteology  collection  of  the  Illinois  State  Museum. 


295 


296 


Unfortunately,  the  collection  data  on  the  most  recent  specimen  tag  of  the  life 
mount  was  incomplete  (two  earlier,  disassociated  tags  had  identical  catalog  num¬ 
bers  and  complete  collection  data).  A  thorough  search  of  Carpenter’s  personal  jour¬ 
nals,  species  cross-file  cards,  and  loose  tags  that  accompanied  the  collection  failed 
to  reveal  more  than  one  Passenger  Pigeon  handled  by  either  of  the  Carpenters.  The 
association  of  the  specimen  with  the  Baileyville  collection  data  can  be  made  with 
confidence. 

Schorger  (1955)  reported  that  14  complete  and  1  incomplete  Passenger  Pigeon 
skeletons  were  known  to  exit.  Eight  years  later  Hahn  (1963)  noted  16  skeletons  in 
existence  with  only  one  specimen  recorded  with  locality  data  (Maryland).  The  latest 
listing  (Wood  et  al.  1982)  indicated  13  complete  and  7  partial  skeletal  specimens. 
Combining  the  Hahn  and  Wood  et  al.  lists,  and  eliminating  duplicates,  we  calcu¬ 
lated  that  there  are  19  complete  and  7  partial  skeletal  specimens  of  Passenger  Pigeon 
in  museum  collections.  The  Baileyville  specimen  adds  one  to  the  total,  apparently 
the  first  addition  in  many  years.  Discounting  archaeological  specimens,  it  may  be 
the  only  Passenger  Pigeon  skeleton  known  from  Illinois. 

At  the  time  when  Passenger  Pigeons  were  in  existence  taxidermy  mounts  were 
often  prepared  with  more  of  the  skeleton  intact  than  is  now  customary.  Possibly 
other  valuable  skeletal  specimens  maybe  discovered  through  the  use  of  x-ray  exami¬ 
nation  of  dilapidated  mounts. 
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